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Summary 


Extensive  experimentation  with  many  combinations  of  lasers  and  chromophores  was  conducted  to  determine 
the  optimal  parameters  for  laser  tissue  welding.  New  Zealand  'Aliite  rabbit  small  bowel  was  used  as  an  in  vitro 
model  for  this  study.  The  analysis  indicates  that  particular  chromophores  can  be  utilized  to  enhance  the 
effectiveness  of  certain  lasers.  For  example,  India  ink  is  an  effective  chromophore  for  the  1.06  micron  Nd:  YAG 
laser,  while  blc^-^d  is  most  effective  for  the  0.514  micron  Ar^*  laser.  The  2.1  micron  Ho: YAG  laser  produced 
strong  chromo;  ‘  ore-ffee  welds,  and  also  produced  strong  welds  in  the  presence  of  India  ink  and  blood.  The 
laser  welding  literature  indicates  that  Indocyanine  Green  is  an  adjuvant  to  laser  welding  with  the  0.808  iricron 
Ga:Al:As  diode  laser.  The  diode  lasers  that  were  examined  in  this  study  did  not  provide  sufficient  energy  to 
weld  tissue  and  evaluate  these  statements.  Indocyanine  Green  did  prove  to  be  an  effective  chromophore  for 
the  0.532  micron  KTP  laser.  The  apparatus  designed  and  developed  for  this  study  provides  an  unique  method 
to  determine  the  laser  tissue  welding  parameters  which  will  produce  the  strongest  welds. 


introduction 


LaserSurge,  Inc,  of  Rochester,  NY  was  established  to  develop,  demonstrate,  and  facilitate  the  clinical  me  of 
automated  surgical  laser  delivery  systems.  The  speed,  effectiveness,  and  reliability  of  using  laser  energy  to 
connect  or  weld  living  tissue  makes  laser  tissue  welding  one  of  the  most  promising  areas  of  medical  research 
today.  The  controlled  application  of  laser  energy  thermally  induces  intrinsic  tissue  changes  which  lead  to  both 
immediately  strong  bonds  between  tissue  and  rapid  restoration  of  tissue  function.  Conventional  surgical 
techniques  typically  require  sutures  and  staples  to  close  tissue  wounds  or  to  construct  anastomoses  (i.e.,  surgical 
connections  that  provide  functional  communication  between  hollow  organs  such  as  bowel).  A  surgeon’s 
bonding  of  tissue  using  laser  tissue  welding  can  be  compared  to  a  metal  worker’s  handling  of  steel.  Whereas 
the  conventional  suturing  or  stapling  is  like  the  use  of  screws  or  rivets  m  steel,  laser  tissue  welding,  like  welding 
steel,  uses  an  outside  energy  source  to  cause  intrinsic  material  changes  which  alone  provide  for  the  strong  bond. 

A  fundamental  requirement  to  weld  either  material  is  that  the  siufaces  to  be  welded  be  in  intimate  contact  with  / 
each  other.  To  fully  realize  the  enormous  potential  of  this  revolutionary  wound  closure  modality,  an  enhanced  [ 
theoretical  understanding  of  laser  tissue  welding  is  essential.  In  an  effort  to  better  recognize  and  evaluate  the  \ 
many  factors  that  determine  a  successful  laser  tissue  weld,  LaserSurge  has  developed  a  laser  tissue  welding 
equation  which  describes  laser  tissue  welding  as  a  function  of  its  component  parameters;  lasing  parameters, 
chromophores,  and  tissue  parameters.  Using  this  structured  approach,  an  investigator  can  readily  dissect  and 
compare  the  effects  of  changes  in  individual  or  multiple  variables.  This  study  was  designed  to  identify  the  most 
favorable  laser  tissue  welding  conditions.  To  accomplish  this  goal,  an  integrated  laser  tissue  welding  and 
tensiometry  (weld  strength  measurement)  system  was  designed,  constructed,  and  tested.  This  system  permits 
the  user  to  selectively  vary  several  parameters  of  interest  including  welding  temperature,  welding  time,  aperture 
size,  laser  type,  power,  and  chromophores.  Experimental  trials  using  different  combinations  of  the 
aforementioned  parameters  were  performed  in  this  study. 
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Methods,  Assumptions,  and  Procedures 


I  Methods 

Device  Refinement  and  Evaiuation 

In  order  to  examine  the  effects  of  multiple  combinations  of  lasers  and  chromophores,  a  new  device  was 
H  developed  to  quantify  the  strength  of  laser  welds.  The  laser  welding/tensiometry  apparatus  permits  any  laser 

■  which  can  be  transmitted  through  an  optical  fiber  to  be  coupled  to  the  beam  alignment  system.  The  beam 
alignment  system  configured  the  beam  so  that  it  slightly  overfilled  the  aperture.  The  beam  passed  through  a 

_  high-speed  shutte.  hich  opened  and  closed  in  response  to  the  thermocouple  temperature  read'n^.  The 

I  aperture  size  was  fixe. '  at  either  0  J  x  4.0  mm  or  2.0  x  4.0  nut.,  and  the  apertiue  was  placed  just  above  the  surface 

"  of  the  tissue  strips  to  be  welded.  The  beam  impinged  perpendicularly  upon  the  tissue  strips  at  the  site  of 

apposition.  A  thermocouple  was  placed  between  the  strips  so  that  it  was  positioned  1  mm  beneath  the  surface 

■  of  the  weld.  The  strips  were  then  brought  into  contact  by  a  piezoelectric  motor  under  computer  control.  The 

p  laser  welding  temperature  control  program  allowed  the  operator  to  designate  the  parameters  of  interest, 

including  the  welding  control  temperature.  Following  welding,  the  welded  tissue  was  pulled  apart  and  the  load 
p  required  to  rupture  the  weld  was  measured  as  a  function  of  the  distance  moved.  Graphs  of  load  versus  distance 

H  were  generated  to  determine  maximum  weld  strength. 


The  tensiometry  software  was  seamlessly  integrated  into  the  laser  welding  control  program  by  Mr.  Williar 
Kraft.  This  new  program  eliminated  the  need  to  reboot  the  computer  between  experimental  trials.  This  major 
improvement  permitted  more  rapid  data  acquisition  and  reduced  the  average  time  between  trials  to 
approximately  five  minutes. 


The  thermocouple  placement  system  has  also  been  modified  to  provide  more  reproducible  and  accurate 
temperatme  measurements.  A  single  thermocouple  was  mounted  on  a  specially-designed  plexiglas  holder. 
This  thermocouple  was  placed  1  mm  below  the  surface  of  the  apposed  tissue  at  the  site  of  welding,  as  depicted 
in  Figure  1  in  Appendix  C.  The  temperature  recorded  from  the  thermocouple  controlled  the  opening  and 
closing  of  the  shutter  mechanism,  thereby  maintaining  the  designated  tissue  welding  temperature.  The  new 
thermocouple  holder  permits  easier,  faster,  and  more  reliable  thermocouple  placement. 


A  new  problem  surfaced  during  the  experimentation.  The  stages  began  to  stall  and  resist  free  movement 
because  of  dried  bowel  and  saline  which  had  entered  the  stage.  The  stages  were  removed,  cleaned,  and 
remounted.  Periodic  cleaning  and  maintenance  have  rectified  this  problem. 


Assumptions 


An  implicit  assumption  in  the  original  design  of  this  experimental  protocol  is  that  the  freshly  harvested  in  vitro 
bowel  very  closely  resembles  native  in  vivo  bowel.  The  time  from  resection  to  welding  was  minimized  by 
sequentially  harvesting  small  sections  of  bowel  from  intravenously  anesthetized  rabbits.  The  resected  bowel 
was  placed  in  physiological  saline  to  maintain  its  integrity,  while  the  remaining  intact  bowel  was  returned  to  the 


2 


abdomen  for  later  use.  Tissue  processing  and  handling  were  minimized  to  the  extent  possible.  Tissue  trauma 
was  minimized  by  handling  and  manipulating  the  bowel  gently.  We  have  assumed  that  the  ia  vitro  tissue  would 
not  be  significantly  altered  by  the  removal  and  processing  steps.  The  veracity  of  this  assumption  is  important 
since  the  intent  of  this  study  is  to  generate  data  which  will  be  readily  transferrable  to  clinical  applications. 


One  set  of  experiments  suggests  that  the  in  ii  m  bowel  model  may  not  be  wholly  representative  of  the  in  vivo 
state.  When  more  than  one  hour  elapsed  between  bowel  resection  and  welding,  the  welds  produced  were  clearly 
inferior  to  welds  produced  using  freshly  harvested  bowel  under  the  same  conditions.  This  lack  of  success  may 
be  attributable  to  changes  in  tissue  turgidity  and  perhaps  also  to  other  biological  effects  (platelet  aggregation 
and  adhesion,  etc.).  The  bowel  turgidity  appears  to  change  as  a  result  of  storage  in  physiological  saline.  It  is 
unclear  whether  this  change  might  influence  the  laser  welding  of  bowel.  Ischemia  and  oxygen  deprivation  may 
also  cause  changes  which  are  responsible  for  the  difference  seen  between  welding  in  vitro  and  in  vivo. 


As  a  consequence  of  the  in  vitro  alterations  to  bowel,  the  weld  strengths  obtained  m  this  study  were  much  lower 
than  anticipated  based  upon  our  earlier  in  vivo  data.  In  order  to  obtain  recognizable  welds,  the  highest  laser 
power  and  temperature  settings  were  employed.  Several  of  the  lasers,  namely  the  diode  and  Argon**,  were 
unable  to  provide  the  high  power  output  required  to  weld  tissue.  Thus,  the  results  for  the  diode  and  Argon 
lasers  are  inconclusive,  and  few  or  no  welds  were  performed  using  these  lasers. 


Experimental  Procedure 


The  experimental  protocol  required  the  resection  of  small  bowel  from  New  Zealand  White  rabbits.  As 
discussed  in  the  third  quarter  1990  report,  weld  strength  appears  to  diminish  as  the  length  of  time  between 
bowel  harvesting  and  welding  increases.  In  order  to  more  closely  emulate  the  clinical  setting,  fresh  bowel  was 
sequentially  resected  from  an  intravenously  anesthetized  rabbit  (see  Figure  2  in  Appendix  C  for  a  complete 
description  of  the  experimental  protocol).  The  harvested  tissue  was  cut  into  strips  measuring  4  mm  x  20  mm. 
The  strips  were  carefully  positioned  on  the  laser  welding/tensiometry  apparatus.  The  thermocouple  was 
positioned  1  mm  deep  at  the  site  to  be  welded  and  the  tissue  strips  were  brought  into  apposition.  Next,  the 
laser  was  fired  and,  following  the  laser  exposure,  a  welded  tissue  seam  was  created  where  the  tissue  strips  were 
in  contact.  Thus,  the  thermocouple  was  imbedded  in  the  welded  tissue.  The  laser  welding  temperature  control 
software  directed  the  opening  and  closing  of  the  shutter  to  maintain  the  designated  welding  temperature. 
Immediately  following  laser  welding,  the  tissue  was  pulled  apart  and  the  load  required  to  break  the  bond  (in 
grams)  was  measured  as  a  function  of  the  distance  (in  millimeters)  moved.  Load  versus  distance  plots  were 
generated  to  assess  the  strength  of  each  weld.  Maximum  strength  was  determined  for  each  weld. 


The  0.808  micron  chode  lasers  used  in  this  study  were  not  powerful  enough  to  use  for  laser  welding  using  the 
apparatus  as  designed.  Both  LaserSurge’s  Spectra  Diode  Laboratory  3  W  laser  diode  array  and 
Columbia-Presbyterian’s  1.5  W  IRIS  Medical  OcuLight  SL  diode  were  coupled  to  the  laser  welding/tensiometry 
apparatus.  The  power  delivered  to  the  weld  site,  as  measured  by  a  power  meter,  was  insufficient  to  weld  tissue, 
since  less  than  0.15  W  was  transmitted  through  the  optical  delivery  system.  No  appreciable  temperature  rise 
was  observed,  even  with  the  Indocyanine  Green  chromophore.  Thus,  further  studies  of  the  diode  laser  and  its 
interaction  with  chromophores  were  not  performed. 
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Another  laser  which  was  initially  included  in  this  study  was  the  1.32  micron  Nd:YAG.  Rochester  General 
Hospital  has  one  1.32  micron  laser,  and  it  had  not  been  used  in  more  than  one  year.  When  the  laser  was  turned 
on,  the  lasi.r’s  power  setting  mechanism  did  not  function.  This  laser  was  unable  to  be  repaired  prior  to  the 
conclusion  of  this  study.  Thus,  the  1.32  micron  Nd:YAG  laser  was  not  studied  further. 


The  Rochester  General  Hospital  0.514  micron  Ar**  laser  was  studied.  This  laser,  a  7.5  W  Lexel  Aurora  Mode! 
150  Pump  Laser  and  a  Model  600  Dye  Laser,  is  a  tremendously  large  research  imit.  The  delivered  power  was 
quite  low,  approximately  0.7  W,  and  this  precluded  testing  of  some  chromophore  and  temperatme 
combinations. 


The  100  W,  CW,  Sharplan  2100  1.06  micron  Nd:YAG  laser  was  examined  using  all  chromophores  and  both 
aperture  sizes.  The  maximuni  power  of  5.0  W  (delivered  to  the  site  of  welding)  was  selected  for  use  throughout 
since,  at  the  lower  temperatures  even  with  this  high  power,  weld  strength  was  low.  Thus,  the  lower  power 
settings  were  not  examined. 


The  Columbia-Presbyterian  Medical  Center  in  New  York,  NY  has  a  Coherent  TVvo  Point  One  Holmium  laser, 
with  a  maximum  output  power  of  15  W  operating  in  pulsed  mode.  The  2.1  micron  Ho’.YAG  was  examined  at 
approximately  1  and  5  W  with  the  small  and  large  apertures. 


The  20  W,  CW,  LaserScope  0  J532  KTP  laser  was  also  examined  in  this  study.  Both  aperture  sizes  were  examined 
at  the  highest  obtainable  delivered  power  of  4  W. 


The  power  delivered  to  the  weld  site  through  the  optical  system  was  occasionally  not  sufficient  to  attain  some 
of  the  higher  temperatures.  These  results  are  indicated  in  the  data  section  that  follows. 


Results  and  Discussion 


Results 


The  data  collected  and  included  in  the  subsequent  analysis  are  limited  in  number.  Most  of  the  early  data 
collected  using  the  ASYSTANT  data  acquisition  program  has  been  excluded  due  to  problems  with  the 
tensiometry  apparatus,  as  will  be  explained  in  the  Discussion  (see  Appendix  B  for  these  force  versus  distance 
plots).  A  great  deal  of  time  was  devoted  to  software  development  and  testing,  and  therefore,  the  results 
reported  herein  generally  come  from  one  or  two  samples.  A  thorough  statistical  analysis  was  not  performed; 
rather,  averages  were  obtained  for  each  laser  and  chromophore  combination.  These  averages  were  assessed 
to  determine  the  most  promising  combinations.  The  averages  are  presented  in  Table  1. 
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TABLE  1-  MAXIMUM  WELD  STRENGTH  ( 


0.514  Micron  Argon  (Small  Aperture,  0.7-0.8W  delivered) 
TElVfP  BLOOD  ICG 

INDIA  INK 

UNWELDED 

0.9 

0.6 

0.2 

50°  C 

1.2 

0.7 

1.1 

600  C 

1.4 

1.0 

0.9 

700  C 

- 

0.7 

1.3 

800  C 

3.8 

- 

- 

lOOOC 

- 

- 

- 

0.532  Micron  KTP  (Small 
TEMP 

Aperture,  4.0  W  delivered) 

BLOOD  ICG 

INDIA  INK 

UNWELDED 

0.7 

0.1 

0.5 

500  C 

1.7 

1.0 

0.4 

600  C 

1.1 

2.2 

0.5 

700  C 

1.7 

2.7 

0.9 

800  C 

1.3 

1.3 

1.0 

looo  r 

2.1 

3.4 

0.6 

0.532  Micron  KTP  (Large 

TEMP 

Aperture,  4.0  W  delivered) 

BLOOD  ICG 

INDIA  INK 

UNWELDED 

- 

0.1 

- 

500  C 

- 

0.7 

- 

600  C 

- 

0.8 

- 

700  C 

- 

1.0 

- 

800  C 

- 

1.0 

- 

lOQOC 

- 

3.7 

- 

1.06  Micron  Nd;YAG  (Small  Aperture,  5.0  W  delivered) 
TEMP  BLOOD  ICG 

INDIA  INK 

UNWELDED 

0.2 

0.1 

0.5 

500  C 

0.9 

0.9 

1.0 

600  C 

1.5 

1.1 

0.7 

700  C 

1.6 

1.2 

2.8 

800  (7 

1.9 

1  n 

A  •  \J 

2.0 

lOOOC 

1.8 

1.1 

18.6 
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1.06  Micron  Nd;YAG  (Large  Aperture,  5.0  W  delivered) 


TEMP 

BLOOD 

ICG 

INDIA  INK 

UNWELDED 

- 

- 

1.0 

500  C 

- 

- 

1.0 

60OC 

- 

- 

1.0 

700  C 

- 

- 

1.0 

800  C 

- 

- 

i.25 

lOOOC 

- 

- 

2.0 

2.1  Micron  Ho:YAG 

TEMP 

(Small  Aperture,  5.0  W  delivered) 
BLOOD  ICG 

INDIA  INK 

NO  CHROMO 

UNWELDED 

0.6 

1.7 

0.6 

0.7 

500 

1.8 

3.4 

5.6 

4.0 

600 

3.7 

2.9 

9.4 

5.8 

700 

4.8 

9.6 

7.0 

7.9 

800 

13.6 

5.9 

21.0 

8.9 

lOOO 

29.4 

10.9 

21.0 

20.8 

2.1  Micron  Ho:YAG  (Large  Aperture,  5.0  W  delivered) 
TEMP  BLOOD  ICG 

INDIA  INK 

NO  CHROMO 

UNWELDED 

0.6 

0.9 

1.0 

0.8 

500  C 

0.6 

4.0 

5.4 

13.9 

60OC 

1.5 

11.4 

2.4 

1.1 

700  C 

2.8 

O 

16.3 

2.8 

800  C 

31.3 

45.0 

14.2 

34.0 

lOOOC 

36.5 

50.8 

2.1 

39.0 

2.1  Micron  Ho:YAG  (Small  Aperture, 
TEMP  BLOOD 

1 .0  W  delivered) 

I£G 

INDIA  INK 

NO  CHROMO 

UNWELDED 

1.3 

0.8 

1.6 

1.2 

500  C 

2.1 

2.1 

1.7 

1.7 

60OC 

2.8 

0.4 

2.4 

1.4 

700  C 

2.4 

4.8 

3.4 

1.5 

800  C 

1.5 

3.6 

7.0 

2.1 

lOOOC 

9.5 

5.9 

17.9 

2.9 
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2.1  Micron  Ho:YAG  (Large  Aperture,  1.0  W  delivered) 


TEMP 

BLOOD 

ICG 

INDIA  INK 

NO  CHKOMO 

UNWELDED 

1.0 

0.3 

0.2 

0.2 

500  C 

6.7 

2.7 

1.3 

1.5 

600  C 

6.1 

6.8 

0.9 

- 

700  C 

5.5 

24.5 

2.0 

4.4 

800  C 

4.9 

4.1 

0.8 

1.4 

lOOOC 

11.3 

5.3 

3.1 

4.1 

NOTES; 

BLOOD  =  fresh  whole  blood  collected  in  a  Vacutainer  blood  collection  tube  with  heparin. 
ICG=prepared  as  a  2X  solution  (25  mg  Indocyanine  Green  per  10  ml  aqueous  solvent). 

-  =  unable  to  perform. 
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Discussion 


Thermocouple  Placement 


The  earlier  observation  that  thermocouple  placement  is  crucial  continued  to  be  supported  by  experimentation. 
If  the  thermocouple  is  placed  above  the  weld  site,  the  recorded  temperature  is  an  artefact  which  corresponds 
to  the  heating  of  the  thermocouple  and  not  to  the  heating  of  the  tissue  at  the  weld  site.  If  the  thermocouple  is 
placed  too  deeply,  it  again  fails  to  accurately  represent  the  temperature  increase  at  the  site  of  welding  since  the 
recorded  temperatures  are  lower  than  those  at  the  weld.  Since  the  laser  welding  temperature  control  program 
controls  the  temperature  at  the  weld  site  based  upon  the  thermocouple  measurements,  proper  thermocouple 
placement  is  imperative.  The  final  thermocouple  holder  design  provides  adequate  reproducibility.  When 
thermocouple  placement  was  incorrect,  as  evadenced  by  either  an  abnormally  short  or  a  protracted  time  to 
attain  the  stipulated  control  temperature,  the  trial  was  repeated  with  fresh  tissue  strips. 


Prior  to  the  design  and  construction  of  the  new  thermocouple  holder,  there  were  major  problems  with 
thermocouple  placement.  The  thermocouple  was  difficult  to  position  reproducibly,  and  thus,  much  of  the  early 
data  is  erroneous.  Since  the  temperature  control  program  utilizes  feedback  from  the  thermocouple,  and  since 
the  thermocouple  was  Incorrectly  positioned,  the  time  of  laser  exposure  as  well  as  the  actual  temperature  at 
the  weld  site  were  incorrect  as  well. 


Chromophore  Delivery  and  Placement 


Precise  chromophore  placement  was  another  important  factor  in  this  study.  Each  of  the  chromophores  tested 
was  a  liquid.  Attempts  were  made  to  deposit  the  chromophore  at  the  weld  site  using  a  micropipettor.  This 
2iliowed  a  fixed  amount  of  chromophore  to  be  deposited,  but  the  application  was  not  evenly  distributed  along 
the  weld  seam.  A  cotton-tipped  applicator  was  used  to  apply  a  barely  visible  coat  of  chromophore  to  both  tissue 
strips  prior  to  bringing  the  strips  into  apposition.  The  strips  were  then  brought  into  contact  by  the 
computer-controlled  piezoelectric  motor.  When  the  requisite  apposition  was  obtained,  the  top  surface  of  the 
weld  site  was  gently  wiped  with  a  clean  cotton-tipped  applicator  to  remove  any  chromophore  which  oozed 
upwards  when  the  tissue  was  compressed.  When  too  much  chromophore  was  placed  at  the  top  of  the  veld  site, 
excessive  energy  was  absorbed  at  the  surface,  rather  than  in  the  deeper  areas  of  the  weld  site,  and  smoking, 
charring,  and  diminished  weld  strength  were  noted.  Chromophore  placement  in  the  deeper  half  of  the  weld 
site  resulted  in  stronger,  more  homogeneous  welds. 


Maintenance  of  equipment,  software  package,  and  its  effect  on  data. 


Maintenance  of  the  laser  welding/tensiometry  apparatus  was  crucial.  The  stages  upon  which  the  tissue  is 
clamped  are  highly  susceptible  to  stalling  if  they  become  conttuninated  with  dried  bowel  and  saline.  Stalling  of 
the  motor  due  to  a  conttiminated  stage  was  readily  apparent  on  the  first  control  run  of  the  day,  as  the  tensiometry 
plots  of  force  versus  distance  indicated  the  resistance  of  the  stage  to  movement.  Periodic  removal  of  the  stages 
for  cleaning  and  maintenance  was  a  necessity.  The  outside  surfaces  of  the  laser  welding/tensiometry  apparatus 
were  carefully  cleaned  after  each  use.  These  steps  prevented  corrosion  of  the  apparatus. 
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Initially,  however,  the  problem  of  stalling  was  not  so  readily  apparent.  Using  the  original  ASYSTANT  data 
acquisition  software  package,  we  were  unable  to  obtain  plots  of  the  data  in  either  real  time  or  immediately  after 
the  completion  of  the  trial.  To  plot  data  in  ASYSTANT  required  a  lengthy  process  of  file  conversion  and 
computer  rebooting.  Thus,  data  was  not  analyzed  until  after  the  animal  had  been  sacrificed.  This  software 
problem  resulted  in  the  generation  of  tremendous  amounts  of  erroneous  data  (see  Appendix  B),  since  it  was 
impossible  to  interpret  the  effect  of  stage  resistance  on  the  measured  weld  strengths. 


Since  there  were  substantial  problems  with  the  software,  several  different  software  programs  were  utilized 
during  this  study.  ASYSTAl^  was  utilized  for  the  earliest  data  acquisition,  but  it  was  cumbersome  and 
inefficient.  The  time  between  welding  and  tensiometry  was  often  more  than  five  minutes.  The  final  version  of 
the  temperature  control  and  tensiometry  program  is  written  in  BASIC  and  can  switch  firom  the  welding 
temperature  control  program  to  tensiometry  in  a  matter  of  seconds.  The  data  acquired  using  the  BASIC 
programs  was  imported  into  either  Lotus  1-2-3  version  2.1  or  Lotus  Symphony  release  2.0  for  subsequent 
analysis  and  graphing. 


All  data  were  collected  at  the  laboratory  and  were  stored  on  33  inch  high  density  floppy  disks  to  permit  data 
analysis  at  the  office.  Additional  backup  copies  of  the  data  have  been  made  for  the  LaserSurge  software  archives 
in  case  of  loss  or  damage  to  the  working  disks.  These  disks  are  stored  off  site. 


Overall  results-  difference  in  aperture  size  and  its  effect,  power  deiivered  and 
its  effect,  chromophores  and  their  effect,  time  of  welding  and  its  effect 

Aperture  size  was  one  parameter  examined  in  this  study.  TWo  aperture  size,  wre  utilized,  03  x  4.0  mm  and 
2.0  X  4.0  mm.  The  small  aperture,  with  its  attendant  higher  power  density,  generally  produced  stronger  welds. 
This  was  true  for  all  lasers  examined,  except  for  the  HorYAG.  For  the  S.O  W  Ho:YAG  trials,  the  large  aperture 
produced  better  welds  with  either  Indocyanine  Green  or  in  the  absence  of  chromophore.  For  the  13  W  trials, 
the  large  aperture  again  produced  stronger  welds  with  Indocyanine  Green,  blood,  and  without  a  chromophore. 

Power  densities  can  also  be  calculated  for  the  two  aperture  sizes  used.  The  power  densities,  in  W/cm^  were: 

•  Small  Aperture,  1  W-  50 

•  Small  Aperture,  5  W-  250 

•  Large  Aperture,  1 W- 123 

•  Large  Aperture,  5  W-  623. 


Since  the  large  aperture  appeared  to  weld  better  than  the  small  aperture  for  the  Ho:YAG  lasei,  perhaps  the 
increased  surface  area  of  welding  was  responsible  for  the  strong  welds  seen. 


High  and  low  power  settings  were  also  examined.  The  higher  power  of  5  W  produced  welds  of  superior  strength 
when  compared  to  the  lower  power  welds.  This  is  true  for  equal  welding  temperatures,  and  seems  surprising 
s'mce  the  lower  power  setting  often  required  a  longer  total  laser  exposure  to  reach  the  desired  welding 
temperature. 
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The  effect  of  the  length  of  exposure  to  laser  energy  on  weld  strength  was  not  assessed  in  this  study.  Most  of 
the  temperature  settings  used  required  between  15  and  30  seconds  to  reach  the  designated  control  temperature. 
When  the  control  temperature  was  attained,  feedback  from  the  thermocouple  to  the  shutter  control  maintained 
the  desired  temperature  for  10  s.  Since  there  was  significant  variation  in  the  amount  of  time  required  to  reach 
the  predetermined  welding  temperature,  the  differences  due  to  the  variation  of  controlled  exposure  would  be 
very  difficult  to  interpret.  Thus,  a  single,  fixed  10  s  exposure  was  consistently  ur  :d  throughout  the  study. 


The  relationship  between  maximum  temperature  and  weld  strength  is  also  unclear.  The  highest  temperattu-e 
examined,  100  degrees  C,  usually  elicited  smoking  as  well  as  tissue  blanching  and  desiccation.  Occasional 
charring  was  noted  in  some  samples.  As  mentioned  above,  the  time  required  to  reach  the  desired  temperature 
varied  from  sample  to  sample.  Thus,  the  conclusion  that  weld  strength  appears  to  increase  with  increasing 
temperature  must  be  tempered  with  caution.  This  is  particularly  true  because  the  100  degree  welds  were  often 
slightly  weaker  than  the  ^  degree  welds.  We  speculate  that  this  might  be  due  to  increased  thermal  injury  at 
the  higher  temperatiu-e.  Many  samples  that  were  welded  at  100  degrees  became  charred  or  carbonized,  and 
the  tissue  was  dry  and  brittle.  This  type  of  extreme  thermal  injury  may  compromise  the  strength  of  the  weld, 
and  may  explain  why  the  100  degree  welds  were  weaker  than  the  80  degree  welds.  Many  of  the  100  degree 
welds  that  were  mildly  desiccated  and  blanched  seemed  to  be  strongly  welded.  The  overall  pattern  seemed  to 
indicate  that  weld  strength  did  increase  with  increasing  temperature. 


Conclusions 


Laser  tissue  weldmg  is  successful  when  the  correct  combinations  of  laser  wavelength,  chromophore,  and 
aperture  size  are  utilized.  Based  upon  the  in  vitro  results  obtained  in  this  study,  the  following 
laser/chromophore  combinations  appear  to  show  promise  for  laser  tissue  welding: 


•  05il4  micron  Ar**-  blood  or  ICG  chromophore 

•  0.532  micron  KTP-  blood  or  ICG  chromophore 

•  1.06  micron  Nd:YAG-  India  ink  chromophore 

•  2.1  micron  Ho:YAG-  blood,  India  ink,  or  no  chromophore. 


In  comparing  the  weld  strength  produced  by  each  of  these  lasers,  the  Ho;YAG  laser  clearly  produced  the 
strongest  welds.  Many  of  the  Ho:YAG  welds  appeared  to  be  full  thickness  welds.  The  optimal  welding 
temperature  for  any  of  the  tested  laser  and  chromophore  combinations  appeared  to  be  between  80  and  100 
degrees  C.  The  higher  power  levels  seemed  to  produce  stronger  welds,  at  least  in  the  range  of  1  to  5  W.  A 
certain  minimum  power  is  required  to  increase  the  tissue  temperature  to  the  desired  range  (80  to  100  degrees 
C).  Whether  additional  power  above  this  threshold  actually  improves  the  strength  of  the  welds  cannot  be 
asserted  from  the  data  collected. 
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Recommendations 


The  laser  welding/tensiometry  apparatus  developed  for  this  study  provides  an  unique  and  ideal  method  to 
analyze  the  effects  of  various  parameters  on  weld  strength.  The  in  vitro  model  has  some  limitations,  and  an  in 
vivo  corroboration  of  these  results  is  needed.  An  in  vivo  model  would  permit  an  assessment  of  the  effects  of 
thermal  injury  and  healing,  two  clinically  relevant  issues. 


Laser  tissue  welding  continues  to  show  great  promise  for  clinical  application,  and  the  data  generated  in  this 
study  provide  a  solid  foimdation  for  future  pre-clinical  and  clinical  investigations  of  this  new  modadity. 
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Appendix  A-  Included  Data 
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0.01034483  -0.9857758  -1.963793  -2.943966  -3.924138  -4.905173 


DEC17N-N0  CHROMO  CONTROLLED  AT  60,  10s 


2.1  'ImiYAG,  1.0  W,  SMALL  APERTURE 


DEC17R-2X  ICG  CONTROLLED  AT  50,  ICs 

2.1  Hm:YAG.  1.0  W.  SMALL  APERTURE 


-0.01422414  -0.7392241  -1.460776  -2.1840S2  -2.90819  -3.632759 


DEC17S-  2X  ICG  CONTROLLED  AT  60,  10s 

2.1  Hm:YAG,  1.0  W.  SMALL  APERTURE 


0.00991.1793-0.7318965  -1.455172  -2.17931  -2.905604  -3.631897 


DEC17W-  2X  ICG  UNWELDED  CONTROL 

2.1  Hm:YAG.  1.0  W,  SMALL  APERTURE 


-0.01 0344830.7288795-1 ,44741  4  -2.168104  -2.889224  -3.61 1 207  -4.332759  -5.055604 


DEC17X-BL00D  UNWELDED  CONTROL 

2.1  HmtYAG.  1.0  W.  SMALL  APERTURE 


DEC17Y-  BLOOD  CONTROLLED  AT  50.  10  s 


DEC17AA-  BLOOD  CONTROLLED  AT  70.  10s 

2.1  Hm:YAG.  1.0  W,  SMALL  APERTURE 


DEC18B-TW0  STRIP  UNWELDED  CONTROL 

2.1  Hm:YAG.  5.0  W,  SMALL  APERTURE 
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DEC18D-INDIA  INK  CONTROLLED  AT  50,  10  s 

2  1  Hm:YAG.  5.0  W,  SMALL  APERTURE 


DEC18E1 -INDIA  INK  CONTROLLED  AT  60,  10s 


2.1  Hm:YAG.  5.0  W,  SMALL  APERTURE 


DEC18F-INDIA  INK  CONTROLLED  AT  70,  10s 


-0.008620689  -0. 986206a  -1.965086  -2.94612?  -3.928018 


DEC18G-  INDIA  INK  CONTROLLED  AT  80,  10s 


2,1  HmtYAG.  5.0  W.  SMALL  APERTURE 


-0.008620689 


-1.475862 


-2.945259 


4.417672 


-5.89181  I 


DEC18H-INDIA  INK  CONTROLLED  AT  100,  10s 


2.1  Hm:YAG.  5.0  W,  SMALL  APERTURE 
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DEC18I-  NO  CHROM  CONTROLLED  AT  50,  10 

2.1  Hm:YAG.  5.0  W,  SMALL  APERTURE 


-0.009482758  -1.482759 


-2.958621 


-4.4375 


-5.918535 


DEC18J-N0  CHROMO  CONTROLLED  AT  60,  10s 

2.1  Hm:YAC.  5.0  W.  SMALL  APERTURE 


0.009482758 


-1.48319 


-2.959483 


-4.438362 


-5.918966 
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DEC18K-  NO  CHROMO  CONTROLLED  AT  60,  10s 

2.1  Hm:YAG.  5,0  W.  SMALL  APERTURE 


DEC18L-N0  CHROMO  CONTROLLED  AT  70,  10 


2.1  Hm:YAG.  5.0  W.  SMALL  APERTURE 


-0.009913793 


-1.485345 


-2.965517 


-4.448276 


-5.932328 


DEC  ^80-  NO  CHROMO  CONTROLLED  AT  100.10s 

2  1  Hm-YAG.  5.0  W,  SMALL  AP'^'^ri'RE 


0.009913793 


-1.49569 


-2.985776 


-4  477587 


-5.97069 


DEC18Q-  2X  ICG  UNWELDED  CONTROL 

2.1  HmtYAG.  5.0  W,  SMALL  APERTURE 


-0.009482758  -0.9702586  -1,932328  -2.89569  -3.860776 
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DEC18R-  2X  ICG  CONTROLLED  AT  50,10  s 

2.1  HmrYAG,  5.0  W,  SMALL  APERTURE 


DEC18T-  2X  ICG  CONTROLLED  AT  70.  10  s 

2.1  HmrYAG.  5.0  W,  SMALL  APERTURE 


DEC  18V-  2X  CIG  CONTROLLED  AT  100,  10s 


10  -I . nr. . 

0,009482758 


-1.932328 


-3.862069 


-5.794397 


-7.725431 


DEC18W1-  2X  ICG  CONTROLLED  AT  80,  10s 


2  1  Hm-YAG.  5.0  W,  SMALL  APERTURE 


-0.009482758  -1.213362  -2.427586  -3.637069  -4.848707 


DEC18X-  BLOOD  UNWELDED  CONTROL 

2.1  Hm-YAG.  5.0  W,  SMALL  APERTURE 


I 


DEC  1  BAA-  BLOOD  CONTROLLED  AT  60.  10s 


2  1  Hm:YAG.  5,0  W,  SMALL  APERTURE 


DEC  1  SAD-  BLOOD  CONTROLLED  AT  100,  10  s 

2  1  Hm  YAG,  5.0  W,  SMALL  APERTURE 


8 


DEC19D-2X  ICG  SET=50.  TC  MAX  =  20 

808  DIODE.  0.15  W.  SMALL  APERTURE 


DEC19E-2X  ICG  SET=100.  TC  MAX  =  20 


808  DIODE.  0  15  W,  SMALL  APERTURE 


DEC19F-0NE  STRIP  UNWELDED  CONTROL 

2.1  Hm:YAG.  5.0  W,  URGE  APERTURE 


0.009482758 


-3.602586 


-7.219827 


-10.81509 


-14.38578 


DEC19G-TW0  STRIP  UNWELDED  CONTROL 

2.1  Hm:YAG.  5,0  W,  LARGE  APERTURE 


DEC19H-N0  CHROMO  CONTROLLED  AT  50,  10  s 


2.1  Hm:YAG.  5.0  W,  LARGE  APERTURE 


DEC19J-N0  CHROMO  CONTROLLED  AT  70,  10  s 


DEC19K-  NO  CHROMO  CONTROLLED  AT  80 

2.1  HmrYAG.  5.0  W.  LARGE  APERTURE 


0.009051723 


-2.3875 


-4.81  1207 


-7.251724 


-9  688362 


DEC19L-N0  CHROMO  CONTROLLED  AT  100,  10s 

2  1  Hm  YAO.  5.0  W,  LARGE  APERTURE 


'It-'* 


8 


-0  009051723  -0.9534483  -1.904311  -2.863362  -3.829741 


DEC190-INDIA  INK  CONTROLLED  AT  50,  10s 

2.1  Hm  YAG,  5  0  W,  LARGE  APERTURE 


DEC19Q-INDIA  INK  CONTROLLED  AT  60,  10s 

2.1  Hm:YAG.  5.0  W.  LARGE  APERTURE 


DEC19R-  INDIA  INK  CONTROLLED  AT  70.  10s 


2.1  HmrYAG,  5.0  W,  LARGE  APERTURE 


-0.009051723 


-1.446121 


-2.901724 


-4.371  121 


-5.848707 


DEC19S-  INDIA  INK  CONTROLLED  AT  80,  10s 


2.1  Hm  YAG.  5.0  W,  LARGE  APERTURE 


DEC19T-INDIA  INK  CONTROLLED  AT  100,  10s 


DEC19U-2X  iCG  UNWELDED  CONTROL 

2.1  Hm:YAG.  5.0  W,  LARGE  APERTURE 


DEC  19V-  2X  ICG  CONTROLLED  AT  50,  10s 

2.1  Hm:YAG.  5.0  W.  LARGE  APERTURE 


DEC19W-2X  ICG  CONTROLLED  AT  60.  10s 


2.1  Hm:YAG.  5  0  W,  LARGE  APERTURE 


DEC19Y-  2X  ICG  CONTROLLED  AT  80,  10s 


2.1  Hm  YAG,  5.0  W,  LARGE  APERTURE 


0.009482758 


-  1  47931 


-2.965086 


-4  464225 


-5.971552 


DEC19AA-BL00D  UNWELDED  CONTROL 

2.t  Hm  YAG.  5.0  W,  LARGE  APERTURE 


0.02025862 


-1,249138 


-2.485345 


-3.731897 


-4.987069 


DEC19AB-BL00D  CONTROLLED  AT  50.  10s 


2.1  Hm:YAG.  5.0  W,  LARGE  APERTURE 


0.02026862 


-3  728879 


-7.453017 


-1  1.15474 


-14.83276 


ROMO  CONTROLLED  AT  70.10s 

^G.  1.5  W.  LARGE  APERTURE 


DEC21AB-N0  CHROMO  CONTROLLED  AT  80.  10s 

2.1  Hm:YAG.  1.5  W.  LARGE  APERTURE 


I 


DEC21AC-N0  CHROMO  CONTROLLED  AT  100.10s 


2  1  Hm:YAG.  15  W,  LARGE  APERTURE 


-0.009913793 


-2.438362 


-4.9 


-7.371983 


-9.841379 


DEC21AD-INDIA  INK  UNWELDED  CONTROL 

2,1  Hm:YAG.  1.5  W.  LARGE  APERTURE 


0.009913793 


-1.468535 


-2.941379 


-4.425 


DEC21AE-INDIA  INK  CONTROLLED  AT  50.10s 


16 

15 

14 

13 

12 

1  1 

10 

9 

8 

-0.009913793  -0.9780172  -1.953448  -2.94181  -3.928018  -4,918103 


15 


DEC21AF-INDIA  INK  CONTROLLED  AT  60.  10s 

2.1  Ht...YAG.  1.5  W,  LARGE  ADri-tORE; 


DEC2  IB-TWO  STRIP  UNWELDED  CONTROL 

2  t  Hm-YAG.  4  8  W.  LARGE  APERTURE 


I 

I 


DEC21C-TW0  STRIP  2X  ICG  UNWELDED  CONTRO 

2  1  Hm:YAG.  4  8  W.  LARGE  APERTURE 


DEC21D-2X  ICG  CONTROLLED  AT  50,  10s 

2.1  Hm:YAG.  4.8  W,  LARGE  APERTURE 


DEC21AI-INDIA  INK  CONTROLLED  AT  100.10s 


2  1  Hm:YAG.  15  W,  LARGE  APERTURE 


1  1 .5 


DEC21E-2X  ICG  CONTROLLED  AT  60.  10s 

2.1  Hm.YAG.  4  8  W,  LARGE  APERTURE 


DEC21F-2X  ICG  CONTROLLED  AT  70,  10s 

2,1  Hm:YAG,  4  8  W,  LARGE  APERTURE 


DEC21G-2X  ICG  CONTROLLED  AT  80,  10s 


2.1  Hm:YAG.  4.8  W.  LARGE  APERTURE 


DEC21H-2X  ICG  CONTROLLED  AT  100,  10s 

2  1  Hm.YAG.  4,8  W,  LARGE  APERTURE 


0  009482758  -3.725862 


-7.471552 


-11. 17759 


-14.86595 


-18.54095 


DEC21H-BL00D  UNWELDED  CONTROL 

2.1  HmrVAG.  4.8  W,  LARGE  APERTURE 


0.009482758 


-1.491379 


-2.985776 


-4.49138 


DEC21J-BL00D  CONTROLLED  AT  50,  10s 

2.1  Hm:YAG,  4.8  W,  LARGE  APERTURE 


DEC21K-BL00D  CONTROLLED  AT  60,  10s 

2.1  Hm:YAG,  4  8  W.  LARGE  APERTURE 


-0.009913793  -1.750431  -3.5  -5.263362 


DEC21M-  BLOOD  CONTROLLED  AT  80.  10s 


0.009482758  -1  498707 


-3  000862 


-4.512931 


-6  028448 


DEC2 IP-BLOOD  CONTROLLED  AT  60,  10s 

21 
20 
19 
18 
1  7 
16 
15 

14 

15 
12 
1  1 
10 

9 
8 
7 

-0.009482758  -0.988362  -1.972845  -2.962931  -3.95819 


2.1  Hm:YAG.  1.5  W,  LARGE  APERTURE 


20 


DEC2  IQ- BLOOD  CONTROLLED  AT  70,  10s 

2.1  Hm:yAG.  1,5  W.  LARGE  APERTURE 


19  - 

18  - 
17  - 

16  - 
15  - 

14  - 

13  - 
12  - 
1  1  - 
10  - 
9  - 

8  - 

7  “  I  I  >  I  I  I  I  »  I  «  r  »■  T'T  1  I  I  I  I  I  I  I  I  I  I  I  »  I  I  I  »  ?  I  I  «  » I  I  ri  p  I  I  1  I  I  I  I  I  I  I  I  (  I  I  I  I  «  I  I  1  1  I  I  I 

-0.009913793  -0.987931  1  -1.972414  -2.961638 


DEC21R-BL00D  CONTROLLED  AT  80.  10s 


-0.0094827';8  -1.966811 


-3.944828 


-5.934052 


-7.922414 


-9.904741 


DEC21T-2X  ICG  CONTROLLED  AT  50.  10s 

2.1  Hm  YAG,  1.5  W,  LARGE  APERTURE 


DEC21S-BL00D  CONTROLLED  AT  100,  10s 


2.1  Hm:yAG.  1.5  W.  LARGE  APERTURE 


DEC21U-2X  ICG  CONTROLLED  AT  60.  10s 


2.1  Hm:YAG.  1.5  W,  LARGE  APERTURE 


0.009482758 


-1.951293 


-3.914224 


-5.890086 


-7.868104 


T  80,  10s 


-0.008620689 


-1.943103 


-3.899569 


-5.871  121 


-7.843535 


0.009051723 


-1. 211638 


-2.423707 


-3.645259 


Appendix  B-  Excluded  Data 


L'C'  mSl 


Q  L  ^n\j 


\iL 


5  ;5,9TnV 


IMnMnMMMnhMNMMNMMMNMMI'IMMMMnM  F  1I0  Input/Uutput  rU'm-llurn-lrn-u  iririnriririi n  n  n  u  // ;/ ,,  „  u  n  n  „  „  „  ,i 


File  Name:  <B:AUG28V.USR> 
8  Commetits 


Quit/Continue:  * 


■  8  Commetits  Subfiles  (,otal  7  ) 

r  1>  FERRONYL,  100  DEGREES  CONTROLLED  ,•  Starts  Shape  MRepts  : 

I-  2>  SOME  BLANCHING  .-1  2  x  256  7 

3>  ONE  OF  THE  BEST  WELDS  TODAY 


'iiiMMf'iMMMMMMfU'ii'it'iMMMMnf'iMNMi'iM  File  1  npLi t / Uu t pti t  MNi'ii'ii'iNi'ii'if'iNi'iriMMnnf'ii'irinni'ii'ini'inrinMnrin; 
File  Name;  <B:AUG78W.USR>  Quit/Continue;  ♦  :  ^ 

m 

8  Comments  Sub-files  (Total  «:  9  ) 

>  FERRONYL,  50  DEGREES  CONTROLLED  ;  Start#  Shape  #Repts 

:>  NO  VISUAL  CHANGES  .-1  2  x  256  9 

;>  NOT  A  VERY  GOOD  WELD 

>  BURLEIGH  STAGE  DID  NOT  MOVE  AT  THE  BEGINN; 


U  G-  3  S"  W 


^nnrlrlMMriMMMMMMMMt'INMMnMhr'Il'IMM  F ile  Input/Output  I'lMf'IMMMMI'IMMMMriMhr'INI'IMl'lMnrinni'IMnnnrin; 


File  Name:  <B:AUG28X.USR> 


Quit/Continue:  * 


B  Comments  Subfiles  (Total  «:  6  ) 

l>  FERRONYL-60  DEGREES  CONTROLLED  :  Start#  Shape  #Repts 

2>  NO  VISUAL  CHANGES  1  2  x  256  6 

3>  ONE  OF  THE  BETTER  WELDS 


-  V 


File  Input/Output  nnMNnt'iririi'lrirll'iril'iririi  n  n  u  n  u  ii  u  //  //  -/  //  -  -  .. 


^ - me  Name:  <'B;AU628Y.USR>  Ouit/Continue:  *  : 

8  Comments  Subfiles  (Total  4  ) 

l>  INDIA  INK,  TEMP  CONTROLLED  AT  60  :  Start#  Shape  #Repts  : 

1  2>  SLIGHT  DESSICATION  .*1  2  x  256  4 

'  3>  A  GOOD  WELD 
4>  LOOKS  BETTER  THAN  FERRONYL 


File  Input/OutDut 


File  Name:  <B;AUG28AB.USR> 


Quit/Continue:  * 


8  Comments  Subfiles  (Total  7  ) 

L>  INDIA  INK,  60  DEGREES,  LARGE  APERTURE,  SL. ;  StartW  Shape  ♦♦Repts  ; 

2>  WELDED.  ONE  OF  THE  BETTER  WELDS  .'1  2  x  2?6  7 

3> 


File  Input/OutDut  MMMMMNMMNMMMMnMMMMMMnMMtlMMnnnnMM; 

File  Name;  <B:AUG28AA.USR>  Quit /Continue:  ♦  ,  *’ 

B  Comments  Subfiles  (Total  #•  5  )  .  ’ 

1>  LARGE  APERTURE,  INDIA  INK,  ?n  nPni^EES  Ft^r-<-«  ^^hane  ttRor,<-=  - 

2>  WELDED  “  '  .  -nape  «Kepts  . 


WMMMMMMMMMnMMMriMMMMMMrinMhnM  File  input/Outpu t  Mi'itii'iNMNMf'innnMni'ini inriMnrinnnnnnnnMn; 

L  •  .File  Name;  <B:AUG20Q.USR>  Quit/Continue:  # 

: 

m  8  Comments  Subfiles  (Total  7  ) 

:  1>  FERRONYL,  TEMP  SET  =  80  DEGREES,  TC  MAX  =;  Start#  ,  Shape  #Repts  : 

^2>  TOO  DEEP.  .*  1  2  X  256  7 

■3>  NOT  A  GREAT  WELD 


'iMMMMMMriMi'inMt-iNnMnMt'if'iririririhMn  b  iie  input/  uutpu  t  .  „  u  i,  „ . 

File  Name;  <B;AUG28R.USR>  Quit/Continue;  * 


8  Comments  Subfiles  (Total  «;  7  ) 

l>  REPEAT  FERRONYL-TEMP  =  80  .*  Start#  Shape  ttReots  ; 

2>  BETTER  TC  PLACEMENT  r  1  2  x  256  / 

3>  SOME  BLANCHING 
4>  WELDED 


File  Input/Oi-itput  MMMMMMriMMr'IMnf'iririMriMMMriMMMMnMriMMMM; 


File  Name:  <B;AUG28S.USR> 


Quit/Continue:  * 


•  8  Comments  Subfiles  (Total  8  ) 

ill>  FERRONYL  TEMPERATURE  AT  100  DEGREES  ;  Starts  Shape  #Repts  .* 

r2>  SOME  BLANCHING  AND  DESSICATIDN  :  I  2  x  256  8 

;  3>  NELD  NAS  NOT  VERY  STRONG _ ^ _ ■< 


fK~y\ 


1  MIIMMlWI'll'll-IMMl-iril'Ii'lNI'irilUl'mi'll'Ihril'II'l  f-  ile  Input/Untput  I'U-ll'll-iriririrlrirli'll'li'iririi-  ririi  irirtrii  it  iririi  u  u  II  u  „ 


"File  Name:  <B:AUG28T.USR> 


□  uit/Contmue:  ♦ 


8  Comments  Subfiles  (Total  <♦;  5  ) 

:  1>  FERRONYL,  70  DEGREES,  TC  NAX  =  55,  TC  TOO  D.-  Start#  Shape  #Repts  ; 

:  2>  WE  HAVE  A  WELD  -  1  2  >;  256  5 


v 


Fxle  Input/Uutpu.  nnnnnn,  . . . . 


f^ile  Name:  <B:AUG26U.  JSR> 


Ouit/Continue:  * 


8  Comments 

2>  GES  Ml  av  u.  btart«  Shape  «Repts  .• 

3>  LOOKED  stronger  THAN  THE  70  DEGREE  AND  S7-  ^  ^  ^ 

WELDS  FRON  THIS  MORNING. 


?  S' 

H  f 

IS 


MMhMMMMMMMfItIMtIMnMMMMMriMMMMM  File  Input/Gutput  MMMMMMnMnMMMMMMnf'll'iririnMnnrinriMMtlMn, 


File  Name;  <B:AUS28K.USR> 


Quit/Continue;  * 

Subfiles  (Total  «:  7  ) 


ta  Comments  Subfiles  (Total  «:  /  ) 

:  l>  INDIA  INK,  70  DEGREES  (NOT  REACHED)  SOME  ;  Starttt  Shape  »Repts  .* 

-  -  -  - -  •  2  X  256  7 


»2>  WELDED,  BROKE  APART  AT  SEROSAL  SURFACE. 
3>  WELD  SEEMED  TO  EX (END  THROUGHOUT  TISSUE 


1  hhnMMMnrinnni'ii-inMMni'irinnNrif'iNi'ii'i  i-  ii  e  i npu  t /  Un  t 


put  t'lnrii'if'ini'ini'iMt'iMnni'innririnf'inriririhnrinniin; 


File  Name:  <B:ALJG28L.USR>  Quit/Continue;  * 


8  Comments  Subfiles  dotal  6  ) 

:  1>  INDIA  INK,  TEMP  =  80  DEGREES.  TC  MAX  =  38.*  Start#  Shape  #Repts  .* 

.*  2>  TISSUE  BLANCHING  AND  SLIGHT  SMOKE  ,*  1  2  x  256 

.*  3>  OK  WELD 


o 


InMfirifiMMMMMMMnMMMMMMMMMMMMfiM  File  Input /Out put  Mf'int'IMMhnMMMMMMriMMMriMrinMnnnni'inririi  r. 


File  Name;  <B:AUG28M.USR> 
8  Comments 


Quit/Continue:  * 


a  v-uniiiiem;s  Subfiles  (Total  «;  7  ) 

■;  1>  INDIA  INK,  TEMPERATURE  SET  AT  100  AND  CON;  Start#  Shape  #Repts  : 

.  'nv  I  r^f~ii.'r~r\  _  _ _  _ 


2>  LOOKED  LIKE  A  GOOD  WELD 


2  X  256 


IMMMnMMMMMMMMMnriMMMMMNriMMMriM  File  Input/U.itp  ^  ^ - 

_ _  Quit/Contipue;  * 

File  Name:  <B:AUG28N.USR> 

(Total  ^  * 

2>  SOME  BLANCHING  LOOKS  LIKE  A  l»  EL 

TX 


IMMMMntIMMMMNritiriMNMMMMMMMMI'h'IM  F  lie  Input/Uutput  rinnrii'll'iririnririi-ll-iririni  n  n  ini  n  /,  u  ,i  u  u  u  u  „  <, ,, 


File  Name;  <B:AUG280.USR> 


■  8  Comments  slidtiiss  «i  o  ; 

F  1>  FERRONYL.  temp  controlled  at  60  DEGREES  ••  Starts  Shape  #Rept5  ; 


Quit/Continue:  * 


Subfiles  (Total  8  ) 


■  l>  FERRONYL.  TEMP  CONTROLLED  AT  60  DEGREES 
r  2>  BURLEIGH  STAGE  MAY  NOT  AHVE  MOVED  Ar  FIRS.* 
I  3>  WELD  DID  MOT  LOOK.  VERY  STRONG 


X  256 


i\iACrl^0 


MMMMMMMMMMMMnnnnnnMnrtMMrihriM  File  inpuL/UuLpuL 


t  II  ll'H  II  n  n  H  n  ,1  u  i,  It 


[  ^r—  F-ajig  Name:  <B:AUG28P.USR>  Quit/Continue:  * 

h0  Comments  Subfiles  (Total  8  ) 

i>  FERRONYL  70  DEGREES  LITTLE  DESSICATIOM  AM;  Starts  Shape  «Repts  ; 

2>  A  WELD,  STRONGER  THAN  60  DEGREE,  BUI  NOT  ;  1  2  x  256  8 

3>  FERRONYL  BARELY  VISIBLE 


iMmmnMMMMnnmNi'iNi'miMMMM  File  input/ULitput  >' 

I - File  Name:  <B:AUG28E.USR>  Ouit/Continue:  *  .*  - - - 


Ouit/Continue:  * 


B  Comments  Subfiles  (Total  «:  5  ) 

*1>  FERRONYL  CONPOUMD  •'  Starts  \ 

2>  19  SECONDS  '  *•  2  x  ^,6 

|3>  SMOKED 

'4>  WELDED  OR  STUCK  TOGETHER 


Shape 
2  X  256 


»Rept' 

5 


t 


(S 


File  I npu t / Ou t pu t 


MnMMt 
'  Fi 

L  ® 

\iMMn 


File  Name;  <B:AUG28F.USR> 


Quit/CJontinue:  * 


I  8  Comments  Subfiles  (Total  «:  4  ) 

L>  LIGHT  INDIA  INK,  DRIED  TISSUE,  CONTROLLED.-  Starts  Shape  ^  «Repts  : 

f>  NOT  MUCH  OF  A  WELD  -1  ^  ^  ^ 

mmmmmmm  ^  I 

I 


Tr'.ilMtiMtiMtIMMMfiMMMMMMMfiMMMMMnn  File  Input/Uutput  r'll'II'IMMriNMf'iriMMMriMMMririMMnMriMMntirinnn; 

I —  — ^ 

I  File  Name:  <B:AUB28H.USR>  Quit/Continue;  * 

h8  Comments  Subfiles  (Total  <♦:  5  ) 

NEW  BOWEL  WITH  CLAMPS,  LIGHT  INDIA  INK,  D:  Starts  Shape  ^Repts  ; 

r  2>  THERMOCOUPLE  PLACEMENT  NOT  CORREC  I  - AL IGNE  .*  1  2  x  2b6  5 


LIGHT 

INDIA  INK, 

D.*  Star t 

Shape 

■  NOT 
WI  IH 

CORREC  I  -ALIGNE.' 
tXPI. 

1 

2  X 

H* 

W 

W 

PO 

W 

0^ 

(S 

A 

00 

W 

• 

• 

• 

• 

• 

s 

_l _ 

CD 

1 _ 1 _ L_ 

<S 

1  1 

o 

J _ 

J _ 1 _ 

^ : 


'  u 

^  I 


(S 

(S 


IMMMMMMMMMnnnMMMMMMMnMMnnMnM  f-ile  input /UuLput  nnn,  un  „  u  „  „  „  <  .  - . 


I'  ,  ..  /M  ir-Do  1  I  iQRN  Ouit/Continue:  * 

- -File  Name:  <B:AUB28J.USR.' 

Subfiles  dotal  #:  6  ) 

I  ri>  INDIA  INK.  TEMP  -  60  DEGREES,  SLIGHT  DESS.-  Start*  Shape  «Repta 

:  2>  LOOKS  LIKE  A  WELD,  TORE  AT  SEROSAL  SLIRFCE,-  1  2  x  256 


I 


^a.c 


'IMMMMMMMMMNMMMMMMMMMMMMMnM  File  Inpu.t/Output  MMMMMMMMMMMMnMMnMnr-IMMMmMriMMm; 


File  Name:  <B:AUG28B.USR> 
S  Comments 
>  TWO  STRIP  CONTROL 


Quit /Continue:  *  .•  •• - - 

Subfiles  (Total  «:  b  ) 
riMi'iMk  9 

:  Starttt  Shape  fJRepts  / 


fltlflMMMMMMMMMriMMMMMl'iriMMril'IMf'll'l  I-  ile  Input/Uutput  I'lnrmi'lrirlnnnnnnririi  ii n  n  n  -/  n  n  n  n  n  n  n  n  n  «  "  >, 


r 


File  Name:  ■^;B:AU62BC.UBR> 


Du  it /Continue:  * 


8  Comments  Subfiles  (Total  4  ) 


m  LASER  CONTROL 

2>  DID  NOT  LOOK  LIKE  NUCH  OF  A  WELD 


;  Start# 
1 


Shape 
2  X  256 


#Repts  : 
4 


tiMtlMMMMMMMMMriMMMMMMMrinm  Fi\^  Input/Uutput  . - .  _ 

Name:  <B:AUG28D.USR>  Quit/Contxnue;  *  •  - - _ 

Subfiles  (Total  «:  4  ) 

. . ,^..-r  .*  Start*!  bnape  «rAtrH'-=  • 


INDIA  INK  LIGHT 

not  a  good  weld 


2  X  2b6 

1 


{j^rrrryp 


-T)(ipv\A 

Ty  ''frCf'AJ^ 

QT  dM 


sr 


IMMMMMMMmnmmmmmmmmmmnmmmmmnm  Flip  inout/Outpiit 

:  File  Name:  <C:SEP7U.USR  •  Quit/Cor>t  ij  tue:  *  ;  ) 


;  8  Comments  SubfiJe?^  (Total  #;  T  ) 

:  1>  INDIA  INK  -■  Start**  ShaiiF-  .* 

.•  2>  CONTROLLED  AT  6'J  .*  1  :*  •: 

:  3>  SLIGHT  DESSICATIDN  ;  ) 

;  4>  NOT  VERY  IMPRES5IVF 
;  5 

;  6  '  .*  ) 
:  7> 

:  8‘> 

;  I/O  Variable  (  R  -  Z  ):  '  1024  REAL 

;  Subfile:  ^  1  2  256  (Ha-  Length:  .760  )  ;  ! 

Row  (0«all):  <  0  > 

;  Start  Column:  <  1 

;  #  of  Columns;  <  256  •  ;  ) 


.*  Read/Write/Append/Scroll/Plot/Edit/List/New  file/Quits  * 

HMMMMMMMMMMMMMMMMMMNMMMMnMMMMMMMMMMMNMMMMMMMNMMMMMMMNNNMMMMMriMMMMMMMMMMMMMriMMNN . 


) 


W 


inmnMMMMriMMMMiirmMMMMMnr-tiii'ini'i  r  Ue  Intjut/L'utpt-'t  rmnrtMf’mnrmrinn'iMMni-mrinrinrtnni-ir'rinrr'; 


FUe  Name:  CiSEFW.L'BR 


Ouit/Coiitiniie:  » 


;  8  Comments  Suofiies  ilotal  <t:  ) 

L/iMMMMMftnnM/iMrihMfiMfli'mrtnnni'tNmMi'iMfinnrmiinnr-inririnru  nrmrii'innimi-tiirtnnnnrinnnnni'irn-inMi-trinnM' 

;  1>  INDIA  INK,  CONTROLLED  A I  Starts  bhape  sh.ppts 

;  2>  LITTLE  VISUAL  CHANGE  1  ■ 

3'  SOME  SMOKE 
;  4  -  NOT  VERY  STRONG 
;  S 
;  6 
;  7 
••8- 

Lrir-mMMrmrintifjnrin''iMMnnMMMMfriMMMNNNnMMni'ir‘inrnmnni‘iNjNi'jMMMi'inrii-ir)Mi'Vinriririnni-ii'tni'ii'!i-:nri''trtnMn'^ 
;  I/O  Variable  (  R  ■  Z  ):  ’t.El  Rt  iiL 


Subfile:  '1  2  ;;  Cbb  (‘ia--  Lenatti:  I*1'J  } 

Row  (0=all):  ■'  O  ^ 

Start  Column:  <  1  ' 

#  of  Columns:  <  2Sb  ' 


:  Read/Write/Append/Scroll/Flot/Edit/Lipt/New  file/Quit:  » 


>0  N  (D 


IMhMMtiMMMMMMnfWMNMftnMMnMnfwn  r  lie  Input  •'Ui.itput  MMni'H'H'tnnni'iMi'U-iriNMhMi-fNi'n-ii'inMrinMNMMn; 


:  File  Name:  C:5EF  ^W.MFr';  Ouit/Funtii  me:  * 

8  Comments  Subules  (lotal  «:  I-  ) 

L/^MnMnMnMMhfiMnMMnnriMMMMNr-tMni'mr-iMMnMhit'iMnNMNMrini'ifih  mr-iMfmNnnMftn/'it'tfinMM''tMNnt-:;^nnnnMMnr-i^- 
;  I-  INDIA  INI  CONTROLLEl'  AT  80  ;  Slartt,  'ihaoe  t*Rept=  ; 

:  2'  SLIGHT  DESSTCAT loiJ  .-1  2  TT'-S 

;  ~  DID  NOT  LOOl  VFRy  FTRftMl-  WHEN  TEAR  INF.  OF  A.- 


I/O  Variable  (  R  -  Z  ):  si2  REAL 

Subfile:  /I  2  ::  256  (E-la::  Lenotl-.:  768  ) 

Row  (0=all):  /  it  > 

Starr  Column:  <  1  ' 

#  of  Columns:  <  256  . 

Read/Write/Append/Scroll/Flot/Edit/List/New  file/Quit;  » 


IMMMNMNMMMtinMnMMMMNNN!  IMMMMMM  f  lIc-  If’l'nt /Output  MnnNNNnnMMi’innMMni'fMMMMMr'inriMnnMMrin: 
:  File  Name:  'C:SEr7X,UBF  Ouit/Continue:  ♦ 

;  8  Comments  Subfiles  (!otal  ♦»:  1‘  ) 


1> 

INDIA  INK  longitudinal 

SECTION 

.•  start** 

Shape 

**rvpp*.i, 

OV 

CONTROLLED  AT  70 

1 

2 

■TV 

NO  VISUAL  CHANGE? 

4^ 

PR0>E  OUICKLV-Uir  tJ'n 

‘.Ti:r  A  WEI  r* 

6 


;  0  ' 

;  I/O  Variable  i  T<  ~  2  76H 

;  Subfile:  -  1  C  ::  21Z^h  (Ma--  Lpnath:  bll.’  ) 

Row  (0=all):  ^  0 

:  Start  Column:  <  1 

:  of  Columns:  <  2S6 

:  Read/Write/Append/Scroll/Flot/Edit/List/New  tile/Ouxt:  * 


jMrintiMMNMMMnnMMMMMi'inMnMnrmnn  f  u=  input/Output  nMMMnMniirirmMmMMnnntini'iMMnrinnnnnn: 


File  Name:  :B:SEF12A.USR  Ouit/Continue:  » 

•■  8  Comments  Subfiles  (Total  #:  2  ' 


1>  TWO  STRIP  CONTROL 

Start# 

#K'0Dts  ; 

2.>  SMALL  APERTURE 

T.>  S\\; 

4T 

6> 

7> 

B> 

2  •;  2r>6 

LnriMnnnMMMMMMfiMMnni‘mnnMnMnrinnMr-it-infii‘ihMtirinrinMNni'i.JrinMnMnni-innMririnnNnnnMMtmnMt'mnnMriM‘? 

:  I/O  Variable  (  R  -  Z  ):  '  1024  REAL 


f  Subfile:  <  1  >  2  >:  256  (Ma::  Length:  512  ) 

f  Row  (0=all):  <  0  > 

;  Start  Column:  <  1  > 

:  #  of  Columns:  256 

:  Read/Write/Apoend/Scroll/r  iof/Edit/List/New  fjJe/Quit:  * 


F ile  Input/Output 

File  Name:  <B:SEP12B.USR>  QLiit/Continue:  * 

6  Comments  Subfiles  (Total  tt:  4  ) 

LfiritiriiiMiiMMiiMiiMriMMririMMriMMriMfiMriMtiMntiriMMMMfiMriMMMMKMririfiritiriMnfinnMfiMnnriMnnnnnnnMMfifinM9 
t  1>  ONE  STRIP  CONTROL  Start#  Shape  SRepts  ; 

;  2>  NO  SLIPPAGE  .-1  2  2?6  4 

.•  3> 

.■  4>  5v0 

;  5> 

;  6> 

;  7> 

;  8> 

I/O  Variable  (  R  -  Z  ):  517  REAL 


Subfile:  <  1  > 

Row  (0=all)i  <  0  > 
Start  Column:  <  1  > 
#  of  Columns:  <  25E 


Z5b  (Max  Length:  1074  ) 


Read/Write/Append/Scroll/Plot/Edit/List/New  file/Ouit:  » 


WMMMMMMMnutiUMMMMi'iMMMi'ir-m'-iMftM  K  Ue  inpiit/Dutpuit  liMnMMMnNMi'inMMMnMfmfmnnMMnnnnnMHn: 

:  File  Names  <Ei:SEP12C.USr<  r  Quit/Cont J/iue:  » 

:  8  Comments  Subfiles  dotal  «:  1  ' 

LMfifiMfiMMiiMMfinfiMMMfifiMnMfiM/irirtnrtnMnMfiMfiriritinnnrifinnKMMnnnnr'iMMnMnnnnnfinnnnnnnnnnnnrinnv 


:  1>  INDIft  INK  UNWELDED  CONTROL 

: 

Start# 

Shaoe 

#RG*Dt5  ; 

••  2'>  SiiVoy^  lk^iiyVojs-«_- 

1 

1 

:  4> 

:  5,' 

6- 

7.> 

:  8> 

:  I/O  Variable  (  R  -  Z  ):  102^  RE«l. 


i  Subfile:  <  1  >  2  >:  256  ((ia>:  Length:  256  ) 

;  Row  (0«all):  <  O  5 

:  Start  Columns  <  1  > 
f  #  of  Columns:  <  256  > 

:  Read/Write/Append/Scroll/Flot/Edit/List/New  file/Quit:  » 


iMMfmMMMMMMmiMMfiMMMMnnnNtiMMi'i  F ile  input/Output  MMMMnnnnnnMnMi^MMnnnrmfini'iMr'ii'uirit’innt 


File  Name:  <BiSEP12D.USR' 


Quit/Cont:nue:  * 


;  B  Comments  Subfile??.  dotal  «:  2  ) 

U^tinnMMMtifintiMtiMtitiMiirirtnnnrinnririnririritirifiMrinMriMrii'mnKnMMi'innnni-mnMnnnnnnrii-fnMnnnnnrtnnnr-i'- 

:  1>  INDIA  INK  CONTROLLED  AT  Ju  Start# 

;  2>  LOOKS  LIKE  A  WELD  i 

:  3;  NO  SMOKE 
!  A'>  NO  BLANCHINB 
:  5,'  WEAK  WELD 

6  :  SsmvXX- 
;  7  SW 
8 


Shspe  «Kept5  : 

2  ::  2^6  2 


UiMMMMMMMMMMMMMMMMNMMMMMMMNMMNMMMNNMMMMMMMriMMn 
T/O  (  r\  L 


!  Subfile:  <  l  2  •;  2?6  (Na:!  Length:  512  ' 

{  Row  (0=all):  <  0  ^ 

:  Start  Column;  <  1  ' 

!  #  of  Columns:  <  256  . 

;  Read/Write/Appenb/Srroll/f  lot/Edit/List/New  file/Quit:  » 


i 


IMIiMMMMtiMMMMMriMriMnNMMl'inMftMfm  File  Inout/Output  Ml'tMnr’It-lliMNnMnrwmNl'mMMMMMntlMMMMnMN; 


File  Name:  <B:SEF12E.U5R 


Ouit/Continuf:  * 


i 


( 


I 


:  8  Comments  Subfile^L;  (Total  »:  3  ) 

;  INDIA  INF  SMALL  AFFRTURE  Start*  Shape  *Kept5 

;  2:-  CONTROLLED  AT  6'.i  -■  1  L  :■  CSo 

;  3;  NO  VISUAL  CHAN6LS 
;  4;>  WEAK  WELD 

R  >  S>tyvaAX_ 

••  6>  SVM 

.*  7> 

••  B> 

LnMMMMtiMMMMMMMMMi^nMMNMMMMr-mMnMMMnNNMMMMt-mr-mi-mtijmMMrinNnnMnnnririnnMnr-mMr'tnrinnmnr-tr:^' 
;  1/0  Variable  (  R  -  Z  1:  512  RfcAi 


f  Subfile:  <  1  >  2  ::  256  (Ma;:  Length:  /6H  ) 

f  Row  (0<:all):  <  O  > 

:  Start  Column:  <1 
:  #  of  Columns:  256 

Read/Write/Append/Scroll/Fiot/Edit/List/New  file/Uuit:  » 


I, 

( 

C 

C 

(. 

c 

c 

c 

c 


c 


c 


c 


c 


I 


IMMnMMMHHMMMtinnMMtlMMMMMMnMnn  FUe  Input/Output  nMflMflMMflMM/'infinMfmmMMMMMMitnM/WnrU 


c 

c 

t: 

c 

€ 

o 

c 

Q 


iMnMMMMMMMHMMiinMMMMftriMnririni'ji';  t  ije  Input /Output  Mr-tnfinrinftrmnnnnrTmrini'ii'ini-ii'inrini-ir-ii'inn: 

File  Name:  <B!SEF'12G.USR'  Uuit/Continue:  t 

8  Comments  Subtili-s  Motal  «:  ) 

UiMnMMHMMMMflhlfini'mftMnMni'innni'tnMr-mnMMnMnnNnMnnrmnh  m’UiMrihftnririi-iririnnnririnr-tnnririi-irii'U'tnnr’in 
1>  INDIA  INK  CONTROLLED  A I  R'.i  :  Starts  L  r.apn  SKents  ; 

2. '  SLIGHT  DESSICATION  .-1  .  Lb6 

3,  SMALL  APERTURE 
4^  WEAK  WELD 

S  SnM 
6; 

7.' 

8- 

1/0  Variable  (  R  -  Z  ):  760  KK«L 

Subfile:  •'  1  ^  2  2S6  (Ma::  Length:  768  ) 

Row  (0-all):  <  O  ' 

Start  Column:  <  1  ' 

#  of  Columns:  <  2S6 

Read/Wrlte/Append/ScroU/Plot/Edlt/List/New  file/Quit:  * 
HMMMiinnnnMMMMMMMMMMMMrir/Mi'mmnrfriMMWtMnnnMMMnMriMMMnfiMMnriNMi-’Mi-mi'tMrrnmMnnnMMi-ii'irii'iMMn. 


IfIMMMMMMnriMMMfIMMMMMNMMMMMMNM  V  He?  Iriput/Ui'tput  NNNMMNnNnNriMrinMMMMNnnNMrjrU’lrJMnririN: 


:  File  Name:  <B:SEF12H.USR'  Ouit/Continue:  ♦ 

t  8  Comments  1 1  otal  tt: 

;  1>  INDIA  INK  CONTROLLED  AT  100  ?5tc»rttt  Sh^»pe  ttf-»;^pts  .* 

;  2>  VERY  MINIMAL  DESSICAIJON  ;  1  2  ;■  2t':. 

;  3>  SMALL  APERTURE 
:  4>  DID  NOT  AFPEAK  lU  AP 
;  5>  SW 
.-  6' 

■•  7> 

;  0! 

1  I/O  Variable  (  R  -  Z  ):  760  K'0  0L 

••  Subfile!  '  1  7  "  356  (Ma::  Length:  513  ' 

f  Row  (C>=all):  /  O 

;  Start  Column:  1 

:  #  of  Columns:  356 

:  Read/Wr ite/Append/Sr.r oll/r  lol/Edit/List/Nt-w  file/Ouit:  * 


WMMMMMMMMNMnMMfiMMNNMnNMNNnM  F- ii*=*  Int?ut /Output  MNMnMMnNMMMMMMriMNMMMriMr'IMMriMMMMnM: 


File  Name;  <B;SEF-1CI.US[<  Ouit/Continuu:  i  ^ 

•  * 

.•  8  Comments  SuMUf^e.  / 1  otal  *♦: 

LJ^MMNMMMMMMMMMMMMMMMrinMnnriNMNNMMnMMMMNMNnNnnriNh.NriNMMriNNri'^1Mru-in!'inrU’rrU'irW;'l!'innnf>lMnMrJ' 
:  1>  INDIA  INK  CONTROLLED  AT  luo  :  Str.njt  Sha[>n  Hfv.pnrs  ; 

;  2>  TC  PLACED  DEEPER  THAN  PREVIOUS  RUN  :  1  .  ;  L‘^6 

:  3>  DESSICATION,  SMELLS  CUOK.D 
4.>  STILL  LOOKS  WEAh 

.•  6>  5iviJ 

:  ?:■  : 

;  B 

LtiNMMMMMMMMMMMMMnnnnNMMnnnnMmMMtinMMMnnnMnnrtrinjnnNMnnr/i'wmnNMNnnNMt'iMru-f/'fn^inM/'}^^^ 

:  I/O  Variable  (  R  -  2  ):  M:‘  REAL 

Subfile;  <  1  2  2b6  (Ma::  Lonath:  />,»:'  .* 

:  Row  (0=all):  ■  <:> 

;  Start  Column:  1  . 

;  #  of  Columns:  <  256  ' 

;  Read/Write/Append/Scrol  I /Plcit/Edit/List/New  tiie/UuiL:  * 


IMMrfMMMMMMMiififiMhtri/'ii'in/'irii'inrmMn  i  iie  input.  ULitput  MmiMtmi^MnnnrinHnrmNnMnnNi'WMNi-tHi'inru 

:  Pile  Name:  ^P:SEFiI!J.USR  Quit/Contu  ine:  * 

s  .8  Comments  Subfiles  (loti-l  #:  7  ? 

UlMMriMMMmnMnmNnnMnnnMnnnMMnMr^riMMnrtnnnnMMnMmKnnrimnnn.'-mnnMMnNntint'mMnnni'tnNMNnn^ 
!  1>  INDIA  INK  CONTROLLED  AT  100  Start#  Shape  #r.:'PtB  ; 

;  2>  DESSICATION  AND  BL.ANL'HINh  1  0  L'Ot 

;  3>  SMELLS  COOKED 
;  4>  SMOKE 
:  s:-  SMALL  APERTURE 
6>  WEAK  WELD 

;  7>  TORE  AT  SEROSAL  SUrvrACE 

S'  5W 

:  I/O  Variable  <  R  -  2  ):  /M!  REAL 

:  Subfile:  <  1  >  L'  :•  LS6  (Ma::  Length:  260  I 

f  Row  (0=all):  <  0  ;■ 

:  Start  Column:  <  1  ■ 

:  #  of  Columns:  <  2?6  ' 

;  Read/Write/Append/'Scroll/Plot/Eriit/List/New  fUe-Lluit:  * 


:  File  Name:  <P:SEF12K,U5r\  UXiit/Conti/iute:  * 

:  B  Comments  ’  ' 

:  1>  INDI^  INK  CONTROLLED  AT  l^n  .-  Sf.^rtW  -^fu-  ne  ttr  ,-rjts  ; 

:  2'  SMALL  APERTURE  I  -t-t. 

3:  BURNING,  DESSICATIUN.  ALANCHjriU 
:  4  TC  MOVED  TOWAFcrS  ,V'^. 

?  WEAK  WELD 

;  6  5W 

:  8 

U1MnMMMMNMMnMnMMnMf'1NNMNMNr}MMMNNNNMNNMMMMMMNNm.TMMnMNI-h-;rir,l'h'ti'inriM;-^1(-ini'lMrinr^r:r’!frrif'ir^;r!, -- 

.*  I/O  Variable  (  F  -  Z  ):  /'‘  Lt  ni 

-•  Subfiles  -  '  1  '  1'  :*  (Ma::  LengtM:  ) 

r  Row  (0=all):  <  O 

:  Start  Column;  <  1  ' 

;  #  of  Columns:  <  256 

;  Read/Write/Append/Scr  oll/Plot/Edit/List/New  file/Uuit:  ♦ 

HMMMMMMMMMMMMMMMNNMNMMMNriNMMnMnMnMnMnnNMMnnMMMNnMnn,vi'mr.>mnNi'mr,nnNrtnnnnnnr.nnnnnn 


I 


F  iitr  ln{M‘t/tJn+  r'ut  '*ni'^nrir'NiV!vr/n: 

:  File  Names  <PtSEF  irL.USR  Puit/Continiie:  * 

;  B  Comments  SubtiJt?r  lot-l  tt:  :  ? 

U^MMnMMMMMNriMMMMMMNNrinnNnNn''V'U-irtNf^jtiMMNririnnriNMNrit  riru*U'iMMMMru'!,'irini'fru  ir)r-ir'ini'ir}'-irjni-i:'if’^>'^rinn- 
:  V'  INDIA  INK  CONTROLLED  AT  O  '  Ct.-*rt«  ‘Tiop*  ttl— 

.*  2'  NOT  MUCH  OF  A  VIOHAf  CM. '.l-f.-t  .*  1  .’^r 

T  SMALL  AF-ERTURE 
;  4  •  WEAK  WELD 
;  ?  SVVJ 
.'6 

:  0' 

LMMMh^MMMMMMMMMMNMMMMMNMnMnMNNMMMMMNMmnnrU'jr'rriNJi'WiNnnNN!'!r;rU-lNr.nni'inr}<')N:'iNi  irir^rh>u  '!f'r 

:  I/O  Van  ble  (  R  “  Z  ):  760  RFAL 

;  Subfile:  <  1  2  i:  2^6  iM^r.  Lenqth:  /6B  ) 

Row  (0*all):  <  O 

;  Start  Column;  1 

;  #  of  Columns;  <  2?6 

;  Read/Write/Append/Scroll/Plot'/Ldit 'List/New  lile-  0*t3t:  » 


I 

i 


IfinriMMMflMMMMMnMMriM,  F  Ue  Input/Hutput  MMMMMMnrwirir.Mnf'lMrii'i^frynrNnrinMrirUVMriN: 


:  Kile  Name:  <'B:SEF'12M.USr\  •  Quit/F'ontuit  il?:  * 

0  Comments  Ic'f.o-]  ♦(:'  *4  ) 

:  1>  CNE  STRIP  CONTROL  UNWELDEI'  .*  Lt.-rttt  .lm’''  ; 

Z'  LARGE  APERTURE  1  :  a 

;  3  BROKE  AT  CLANF- 
4  -  NO  SLIPPAGE 

;  0  SvO 

;  6'' 

.•  7 
;  9 

:  I/O  Variable  (  R  -  Z  ):  KE;ii 

:  Subfile:  1  Z  Zi^'b  (Na::  Lenath:  lfiZ*4  ) 

:  Row  (0=all):  <  O 

:  Start  Column:  <  1 
/  #  of  Columns:  <  Z56 

;  Read/Write/Append/Scroll/Plr't/E'iit./L  ist/New  ..t:  > 


IhMnnMMMnnMHtiMliMttMNMi'tMnfirinMft  r  ilc?  inpLit/ijLiipii  t  fiiiNfinMhifit'ii'ini'ini'inrir-innNnnrifi  ’^  ’r’H'U'iri  ■}; 


File  Namei  <P:SEr':rN'.USff 


Ouit/C'ontirn.if-':  » 


•  S  Comments  ■ 

4JiMnnMMrinMMMMMMMnnMMrir^mNnNnnnnnNNr-iMi'mimr‘mriwiriKmi'ir!i'iNr!!-inni-ii-!!-;r^nnriMMr!r-!!-’rr 

;  r  TWO  STRIP'  CONTROL  UNWKLDCI'  Start#  Sh^-pr  ttl  <=pts  •• 

••  C  LARGE  APERTIJRF-  :  1  . 

7  S'Aj 

;  A 

.-e- 

;  I/O  Variable  (  R  -  Z  ):  lOC'J  REAL 

••  Subfilei  <  1  '  ::  ;;  C56  (ria;:  Lenoth:  t>!'.'  ) 

;  Row  (O^all):  '  0 
••  Start  Column:  '  1 
;  #  of  Columns:  '  2?6 

;  Read/Write/Appencl'Scroll,  f  lot/Edit/List/New  file/Ouit:  » 


iMNMMMNMMMMMMMMMMNnMMNivr'rirVifJ  f  :ti'  input  Mut  i»li^  riMMI-1Nrwi:;;u‘!r)r.nNI-iMMnrini\.  ><'ir'V-irt''i:-irinNr'; 
File  Names  ''PsSEPirO.l.Tf '  c  nt 'ui  it*:  v 

8  Comments  Sublilc  Motet  tt:  * 

1'  TWO  STRIP  INDIA  INI-  L'NULL.DKD  POI'JIROL  ;  -tiapt?  .- 

:  I  Jr  ^->6 

4:- 

6 
7 

a 

I/O  Variable  (  R  -  Z  ):  bi:j  f-f.r.L 

Subfile:  <  1  1'  l:b6  fMa*-  Lengtti:  Ml.  ‘ 

Row  (0=alUs  /  0 
Start  Columns  1 

#  of  Columns:  2^6  '" 

Read/Write/Append  'Scroll/Plot/Edit/List/New  f ile/Quit:  T 


innnmMiiMMMmifmnMfii'iMni'mfihiMr-tn  rue  i  npn  t  /Uu  tpu  t  nrmnni'inn'tnnnMrtnnnnnnrinnnnnnnnMni-i: 


l  File  Name:  <P:SEP12P.USR  tluit/Contifu  t-':  » 

;  B  Comments  Bubtilps  (Iota!  »r:  ' 

LtiriMritlMMMMMnMMriMririi'iMnMr!r'lMi')NrtnnnmMMr-ihMi'it-irmNrinrmi:nnMrmrii'ifinnriMi'irii'i-mr-;i-mri!'u-ir}ni';rif:nnr}.~! 
:  1>  INDIA  INF  CONTROLLED  Al  Rn  yt  ar-t:*  bliapr  ^Kr-ca 

2'  LARGE  APERTURE  1  IJ  -  : 

.-7'  NO  VISUAL  CHANGE'. 

;  A  ■  DID  NOT  LDLII-  UE'.  Dt.l' 

.*  ^  5W 

;  6 

;  B> 

u-'-.-vinMniri 

:  I/O  Variable  (  R  Z  ):  5i:!  KtAL 

:  Subfile:  .1  2  x  2^ii.  (Ma::  Lf^ngth:  7t>i!-  ? 

■■  Row  (0=all)s  ^  O  ' 

-•  Start  Column:  <  1 
;  #  of  Columns:  ;  2*S6 

s  Re ad/Wr it e/ Append. 'Scrol  1  /F-  lot/E.dit. /Lirvt/Nev'i  f  i?.c‘  'Huit:  *  ; 


i  !H;  input/Uutpiit  l•;rlMnnrlnrtnl1r■lr;nr■rn^^l■’i■u•ll•}'■'l't|^’l'!rll•v■h>•l■:r:nl■l: 

;  File  Name:  <Ei:SEP120.l JSK  Uuit/Continue:  » 

•  8  Comments  Subfile:’^  (lobal  #:  4  ) 

;  1>  INDIA  INt  CONTRULLt.L'  At  ...  :  Ht  nr  t*>  i.  •  . .  ; 

;  2  LARGE  AFERTUFE  i  ,•  •  ’  . 

••  T  SMOKING.DESSICATION 
;  4'  TC  NAY  BE  A  LIT  1  Lfc  int'  .M.l' 

;  b'  BETTER.  BUT  S I  n  I  n  in  .  f  '4111' 

6  SvRj 

••  -■  !• 

LMMMnnMtiMriMMMMnMNMMMnNnMMnni'iMr-ihMMr-tMi-iMnrtMnMrmfiMJhi^rimi'irinrinnnrtnririni'ini'mnrmnMnnni'iMf'v 
I/O  Variable  (  R  -  7  ):  ;'B  Rt  ,'H 

Subfile:  <  1  '  2  ;;  256  (Nat;  Lenoth:  HL;‘4  i 

Row  (0=all):  <  0 

Start  Column:  <  1  ; 

*  of  Columns:  <  256  ' 

Read/Write/Append/Scroll/Rlot/EcUt/List/New  file/Quit:  » 


IMMUMMMHMtlMtlMnMMMMf'IMMMMI'll'H'lf'tM  t  ilc?  Iriput/Uutpu t 


;  File  Namei  <P:SEF  12R.lJSr(  Quit/Ccntuuio:  » 

:  8  Comments  Subfiles  llotiU  (♦:  :  ) 

LJ‘iFirifiMMMMMiiMMfiMMi^MMrii^MnnMni'ifiMnnrirtnnn!‘irinMNtiriMMriKMMMf‘mnnt'iri-innr-iMnrinnnnnnrr!'inr!ni-ini'inn 
;  1.'  INDIA  INK  SET=70  TC  Start#  "  har.>  tti.v  nts  ; 

:  2>  LARGE  APERTURE  .•  1  2  ::  2b' 

f  3>  SLIGHT  DESSICATION 
••  4  '  WEAK  WELD 

;  5'  SVSJ  ..  ; 

•• 

••  7- 

■  B> 

:  I/O  Variable  (  R  -  Z  ):  li.r  4  Kt  n' 

:  Subfile!  <  1  •  2  2b6  (Ma:;  Lniigtli:  .'/jH  ' 

f  Row  (0=:all)l  <0 

f  Start  Column:  <  1 
:  #  of  Columns:  <  2b6 

:  Read/Write/Append/Srr  oil  Plot /Edit/List/Nnw  file/Ouit:  » 

HMMMMMMMMMMliMMMtlMMMl'tni'WIMl'tni'lNNMNtlt-INMMMNMMMI'IMnMI'H'U-tHflMUMMfirll'fnmri 


IMMMMMMMMMMMMMMMtiMMMnMMNNMMM  F  U‘?  I'lpMt  /Uutput 


:  File  Name:  <E*:SEF'12S.USR  •  Quit/Cnnt  inu«?;  » 

« 

;  8  Comments  Subliies  (fetal  :■  ) 

:  1>  INDIA  INK  CONIROLLfD  AT  70  r  ?tartW  Shape*  itt.pts  ; 

:  2>  LARGE  APERTURE  -■  1  l:  2‘jfe 

3>  MINIMAL  DESSICAIION 
/  4.^  NOT  IMF’RESSIVE  Wl-i. 

••  5'  sw 

.*  o. 

m  ~T  :  .  . 

;  8 

I/O  Variable  (  R  -  Z  ):  (■eAL 

:  Subfile:  <  1  L*  ::  2b6  (Ma::  Length:  /tM  ) 

!  Row  (0*all):  <  V' 

;  Start  Column:  <  l 
/  M  of  Columns:  r  256 

Read/Wrlte/Append/Scroll/Flpt/tdit/List/New  file/Quit:  t 


File  Name:  <B:SEP12 1  i  t.jit /l  t  mt;  m- •<-:  * 

.*  8  Comments  *  Subliic*-'  lutal  tt:  3  ) 

U‘ihNMMMMMMMMMMNMnnnMnNNMnnrvu''h'inrir'iNru''imMNnriM'^inNhnf*iMNMnNNnNn.'^it'iMMMnMMMMrnnrj!'iriMnMtiM^ 
:  1.'  INDIA  IN^.  CONTROLLED  'Starts  ^Sl.c-pc  : 

:  2"  LARGE  APERTURE  ■  1  i: 

:  3>  SLIGHT  DESSICATIDM 
:  A  WELDED,  BUT  NOT  INri  1  't 
;  WEA^  WELD 
.*  6  Svk/ 

;  7' 

;  B  ' 

LnnMNMMNMMMMNMNMMNNNMn.’'^!'U'V';n'r:'1-'yU  *i  ^‘-'V'irn'U''nMnN^^  •  - .  -  J.  /.•//•/;';/•'/  ,7*^  *•  '/■■/•;/•/  - 

;  I/O  Variable  (  R  -  i;  t  .i. 

Subfile:  1  1’  2"*6  m-L.  i  //i;  t 

;  Row  (0=all):  <  0  ' 

.*  Start  Column:  ^  1  ' 

;  #  of  Columns:  l’?»f 

;  Read/Write/ Appnnd/Scr  1  'Iri  l ,  L  .ill 'T  r-^/Nuij  tiJe/'-'nit:  »  ; 


IMMMMMMMMMMMMMfiflflMMNMnriMNMMN  \  iJfc*  Inutit/  Oulput  »/v  r-//  // /; 

:  File  Name;  <B;BEP12U.USrc ;  Uun /Vr.intMi  i  /:  » 

:  8  Comments  But'tj  •  •  lutc  l  .  ' 

U^IMMMMMMMMMMMNMMMMMMnMmnnrrnnr'trinNMrmMMMMMi^mnrn  ■'1NMNMiVMNNf'irinnM''rrr'lMnn"irl.- :  :r^r  .'irlMMNl’f 
:  1>  INDIA  INK  SET  =  1-.)(.'.TL'  :  yi-u  t**  t#Kcp-  -  * 

;  2:^  LARGE  APERTURE  '  1 

;  7'  SOME  PLANCUIN'3  f  ■  ■■:'' t- '  •  1  m jr.- 

:  A:  WEAK  WELD 
;  ?  5vJ 
:  6 

S  ' 

:  I/O  Variable  (  R  --  Z  ):  /(S'.:  kKaL 

;  Subfile:  <1  2  r;  2'i*(r,  (M.*:-  /i\‘  > 

;  Row  (0=all);  0 

Start  Column:  \  1 
;  #  of  Columns:  <  256  ■ 

:  Read/Write/Append/Scroll  F  lot/ELli.* /Li=t/N(3w  1ilf?  t 


IMMMMnnNMNMMnnMnMMNMNMi'triNi'inf'!  iU 


-'V'lnr  .  •  -*»/•/.• 


Fil©  N«me:  <B;SEP12V.i;?R 


.*  0  Comments  bubf.ir  ::  '  I  jt  :  1  u:  ' 

krinnr^nnMMMnnMMMMMMMr'inMnMMt'innnf'mhMNNnMnrfririnf'innnt‘  nnf*tnMMn!'r‘'nrrr'.-':>'}>-!''ytrir-ir'ir’ririri''ir}i>^^ji^i'j‘i' 

1'  INDIA  INh.  ic  tifv-  r's  ,* 

2^  LARGE  APERTURE  :  I  4 

T-:'  SLIGHT  DESSICnnnN.UNr'i  '■  in 
4  A  WELD 

5'  PD  MOVED  APF- Ar.7\^' P'M.thif'  nui.l 

6  SvvJ 

"7  * 

8 

mnMriMMMMMMMMMMnMMnriMMMi'tnMNnMnnMnMnnnMMMnnMMnnji‘tnmi'hvi-iiii'inMMi't!-iMi'jr-!i'fnri  -<  ■hv'  ini  irirti-mr’i-r 

;  I/O  Variable  (  K  -  Z  ):  768  KUhL 


2  ;;  256  (Ma-:  Length;  I-. 


Subfile:  <  1 

Row  (C>=all)i  <  O  ■ 
Start  Column:  <  1 
#  of  Columns:  ■'  256 


Read/Wr ite/Append/ Scroll /Flo t/Etiit /List /Men  f ile/Uuit;  % 


IMMMMMMMMMMMMMMMMMfinMMMMf'IMi'IM  f-  0  c  Ihdv \t/Uu  tput  MnnnriMNMnMMMHMnNMNMMMNtVrti'h'JMNru  U  h-i: 


File  Name:  <C:SEP14A.UHR 


Ouit/Contint'€»:  * 


.•  8  Comments  Subfile's-  Motai  Ik  '  > 

:  1>  ONE  STRIP  UNWELDHL*  CUNrr.TjL  :  ‘rkarttt  Shaoe  Hiw-rtn  : 

;  r>  BROK.E  AT  THE  CLAM''  -  1  J  ■ 

;  NO  slippage 


;  6 

LJ^1NNMMMMMnMMMMNMNNl’INNMi'innnrU'lr'rfrii:NMNNrthi'1MMNNt'i>'V‘1,?‘'1tu'lM,Vrjnf':rtNrU-innrif*fru'1N^^^ 
:  I/O  Variable  (  R  -  7  ):  76t;  fVt  At 

•  Subfile:  '  1  J  ::  ‘..‘bf  Lonnfji:  768  * 

:  Row  (0=aU):  r  C  ' 

:  Start  Column:  1 

.*  4  of  Columns:  768 

:  Re  “*  d/ Write/ Append/ Scr nil  >h  k-.  -  .‘rdi  h/L ist  -'Npw  ^  jle*-  (K'lt:  * 


WMMMMMriMMMMfiMMnMflMMhMMMNMMi'l  r  U  r  I  nnn  t  /  Uci  t  v\.\  t 


File  Name;  -.CiSEr-l/JD.USFv ' 


Uuit/C!ontu>'Ae:  * 


.•  8  Comments  SubJiic?^  (fetal  #:  i 

TWO  STRIP  UNWELDFD  CONTROL  Otar  tt*  Shape  aheots  : 

:  2  ;  1  r  •• 


:  I/O  Variable  (  R  -  I'  );  760  ic»  Of 


:•  2W.  (rTa-  L.ennt»»:  7.-..0 


Subfile: 

Row  (0=all): 
Start  Column: 
of  Columns: 


Read/Write/Abperjd/Scrnil/f-  lot/Fdit/L  ir^t/New  f  Oe'Cluit:  t 


\  Ui*  Inni't  - OjiP'.H  rlf>iMhhi‘inNM'U'ir  ■rU'ir-!NNi  ii'Jf'r-h-'rii  ,i-:rn  INH'-U-I: 

:  File  Name;  ■i'CrSFF  1  •!(  OL'it -  Cont  uKie:  ♦ 

;  0  Comments  rLiP t  : ‘i tt: 

I'  INDIA  INV  UHWELDFD  ;  t- ‘  <  r^■  ,- 

:  2-  LEANED  DN  1  ■  t'  . '  ’  •  f-ir.r:':-!' •  :  ?  2 


:  I/O  Variable  (  R  -  7  ):  Rl  iv. 


Subfile:  •■  1  2  :•  2'‘*i  CM.i--  l.etj'ith:  *'•11:  » 

Row  (0=all):  '> 

Start  Column:  1 

♦♦  of  Columns:  '  2?6 

Read/Wr  ite/Append/‘”irr  M  r  i<)t  /f-PSi  *1  i- i.  ••  Htuf  * 


i  1.1  r*  t 


*  11:  .  ‘ 


Tile  Name:  C:SEif  '''U'J  r 


Ou it  -•  L.r '  ij ^ 


;  0  Comments  ^ut'fxie  (it-  —'i  i*: 

Ltinr^MMnMMMMMnMnr'rN^!f'i':rjr’-"'':’'ir'V''''*'':f'h''iMr'i{^ir7r*Mrrnr:r  nr‘fri.-'}nf'i^i!'i''ti''nnf'rrinr''r-f Nr, rv 

:  1  INDIA  INh  CONTROL  L. LI'  ‘*t  ‘  ^rr-- 

:  2  NO  VICL'AL  CHANL^RS  .*1  I  ’  :  *^6 

;  ?'  NO  SNOI-E 

;  a  NO  UDviu'JC  wr-:.L.: 

;  ?  BOWEL  LOOKS  GC’nr^ 

;  6 

.  7  •  .  - 

B 


LMMMNMMMMMMMMMMr-irMMNNrnMrrMNNMh^MMNMMNf'IMMriMMrlNh 
I/O  Variable  f  f  -7 


mr.rNNNi 

sr 


■'Mf'irmi'ir! 


Subfile:  \ 

Row  (0  =  all):  '' 

Start  Column;  ] 

♦*  of  Columns;  Cbn 


iT  5a 


(  f-fiov  5  5: 


.*  Read/L'Jr  ite/ Anoer  ir)  '•'cr  r'll  •  T  lo*  .'Edit  .  I  i.^  t  /  N'^w  f  i5  e  ’  I ;  * 


'irry:  ''■''yrN.’-rrf  '= 


,,f. . , 


■'NMNrNNMMr'MN 


JMnNNNMMMMMMMf'IMMMMl'I'-'i'li'irif'inMilN  f  i  if.'  f  nr  •  i” .  ( I'l '  i  •  t  NNMi'if*;rinrVir:i'inni-r:nV!'%-t!-:rinr;'^h  r'V'U'frir..  !r: 
File  Name:  ''C:?FF  ] 'It-' .LiSfc  C!ui*-/i  .tmi  in* ;  » 

0  Comments  Sudlil'  -:  tt:  ‘  ' 

lJ^1MMMMMMMMnMMMMMMNNt'1NnririrlNN>'inNMMMNNNNMMMNMnnrlMf.nMMMnf'U-fNnnrfnt'!MNnM>:Mi'i''iril'Jrh^^nMr}rfr'tri:t' 

1  iriDIA  ink:  coni  6*'  -•  SF..Tr-t«  ‘-li.'nt-  : 

2  NO  VISUAL.  CHAMUL;^  :  1  J  -  .  ^'7 

:  rjo  snov  e 
a.  - 

^  WCA!  Wr.LD 

i  I-;  I'LIK  F  Fr^'ON  Sl-.l  '  ^ 

C 

I/O  Variable  <!  F  -•  Z  ):  /6F:  Kl  {\\. 


Subfiles  '  1 

Row  (0=all):  <  O 

Start  Column;  '  1 
♦♦  of  Columns*  "  2?6 


2  ::  2r><L  (Ha;:  Lengths  766  ) 


Read/Write/Append/  Sf'r  n  i  ]  ■'T  lot.  Edit  /List /New  f  iJe/Quit:  » 


IMMflMMnMnhMMnflMflMMi'IMfll'tl'ii'lriMI'U'l  P  iir  Inpu*-  ''Oiitpi'P  l'll•^nr^Ml•tni■lrr■/rr■  V  >»(■ 

:  rile  Name:  ''C:5EF*l  lf  Cujit/C.o:*: 'r>< ^ 

;  3  Comments 

Lj-r/irimrtnM/'rnrirtMnn'-i/'ir-i/ 1/ ir!!  mnr-ii'if!r!n"ii^nMnr!’'irini'mMi-v')rinr!r^  -^nr"Mrin'^  • 

;  1  INDIA  INK  CONnvnu.rr  n’  :■■■  r  HUir  lti  tti'.;,;  ts 

r  SLIGHT  DSSSICA 1  ini'  -  1 

;  MINIMAL  BLANCHIN' '  :  ;  > 

.■ 

;  P  LOOI'ED  LIKE  A  WF- !  D 

6  NO  SMDK.E  •  ' 

;  e 

;  I/O  Variable  (  R  -  Z  ):  760  REAL 

:  Subfile:  <  1  ’  Dp  DD6  (Ma:;  Lenet  h:  769  '  :  ) 

Row  (0=all):  <  O 

:  Start  Column:  <1 

:  «  of  Columns:  <  236  :  * 

••  Read/Write/Append/ScrrU/Plot/Edit/List/New  file/Cluit:  » 


INMMMMMMMMMntlMNMMMnMMrlMnf'lNNn  F  ilc?  Input /Output  ;rU'  nrh'U'U'U'in>it*:'iMi’i.']r:rU'lrin: 

File  Name;  ^CrSEF  l-IL’.USF  (<niL -  t  c<nr  ijuip:  * 

;  B  Comments  yuttMlr-  tlrtal  #:  *  * 

ij^MMMMnMMMMMMnrinriNNMrii'fMNni'iNNru^MMMMMMNnNnritiNMnrn  NnNNMMMMi'iMMMnf^nnMnnr'iNrir'irirrnMMnMri 
:  I-  INDIA  INK  CONTrOLLrn  Ai  .*  -'lurtrt  ti  i  : 

;  C  50NE  PLANCHINF  '  7  '  7 

;  :  I  JO  SNUK  El 
;  ‘J  LUTLE  DEBSICA  [  [:tr' 

;  f.  rjn  WELD  SEETJ 


LriMNMnMMMMMMMMMMMNMNNNMnMf*;MHrh''U'tNttNrfNNMMNMNnnMfKTMNr1MMnMi'irfNnMMriMNl’!l'inr>l':.'ir'^i'1':'U'}nr’tr'h'*i^^ 
1/  U  Variable  (  R  -  .  »:  r;f  Ai 

:  Subfile:  1  'V  ■'  056  il'L.:  I. '^^rnfh:  5K*  ) 

Row  (u=all):  ' 

;  Start  Column:  7  1 
:  #  of  Columns:  '  056  ‘ 

,*  Re?d/Write/Arpend/Brr  ^‘11  .'K'lni /E  f^l^  .'List 'New  f  jJe/* % 


If'tMMMMMMMMMMMMMMMMMtiMMi’IMMMNH  »  Innut/Qutnut  nMNNMMnMn!'1Nr’!M-iri^iNNMNrinNMi'U''f'h'fhriNr:: 

File  Name:  <C:SEP14H.LiS^F.  Muit/Coni  u. * 

.*  8  Comments  Subtil'-  i  otal  iJ;  .  ; 

:  I'  INDIA  INK  SET  =  80  JC  i-)AX=^6r  -  ''^t.ar  tti  :h.*vc^  4h'-p'~  -* 

;  r-  SLIGHT  DESSICATIUlJ  -  !  V  ■■ 

;  7-  NO  CARBONIZATION 
SLIGHT  BLANCHING 
;  t  NO  SMOKE 
;  6 

.*  7  PD  LEANED  ON  7AEM.E 
;  8  NO  EVIDENCE  OF  A  WLl.D 

;  I/O  Variable  (  R  -  Z  L  ‘-i:  m, 

.*  S’-ibTile:  .  1  L  ::  l'*i6  (M.*--  I.  f-riptli:  Z'fjV-  i 

Row  (0=all):  '■  0 

.*  Start  Column:  1 

:  n  of  Columns:  256 

;  Re  ad/ Write/ Append/ Srr  oil  /  F '  loK/t  dil  /Lirit /Ni'w  filfc'-  N«  liL:  *■  : 


f  '  I  f  Inf-.i  -.  f  /  i  i.  itruj  '  h  i'Jrn-U'in'frU'^!''.,-  •  .'/V 

.*  File  Name:  '-'.CzSEf  Ouit/t'cr;*:iii*ir;  ♦ 

.■  B  Comments  Subfiles  (Total  ft:  4  ) 

:  \>  INDIA  INK  SET=100,  TC  MA)(  ‘?4  S^art#  '^^,aDP  rtFopts  r 

2:  TOTAL  T1ME  =  25S  .-1  2  •;  4 

;  3,  DESSICATION  AND  E‘L  AL'' MU 
;  4  NO  5NCU.E 

:  1.  STRONGEST  AT  MU  '.'MRr  uCT 

:*  BEST  WELD  SC’  FAR  IMIu.. 

.■a 

LriryM’^MMMMMMMMMMMMMNNrmMnrV'll'iNMNMMMMnMMMNM:-'nUMMr!MJnMMnrWinnrU'li'ir'.^}rUir,,rnr!-U-1Mr^r!r 

:  i  n  Vari^  jle  (  R  -  7  ):  T.r,M  fil  Al. 

-•  Subfile:  .  1  2  ::  2*^6  (Nar  L.r  r»ath:  1<.‘.  4  ‘ 

.*  Row  (0=all);  ^  O  ; 

.*  Start  Column:  <  1 
#  of  Columns;  ^  2S6 

:  Read/Write/Append/ScroU-'Flot/Ldit/List/Nev^  file/Quit:  * 


F Ue  Nt»me:  C;Sr  I  t  i  •  f . 


•-‘i* 3 ^ /  i  »:•'  •  -fM i 


3  L'ommpnt?  t»:  •• 

r  INDIA  INt-  SEF^IO';  1^.  t-'.n-  :  Stc»rt^l  Sha[>e 

2  TIME  -  35  S,  2'.i  1  ■  -'^6 

:■  PLANCHING  AND  i  h  - 

4 

5  WEAK  WELD  ITuI^^LNI 

6  HTT'EArPS  TO  £.(•.  WEAl-t  '  {‘K'lVlU!'- 


:  I/O  Variable  (  F\  -  / 


K'La;. 


SL'bfile:  1  L'  L  k^nqLfi:  > 

Row  (0=all):  .  V 

Start  Column;  t 

**  of  Columns;  25-^ 

Fcead/Write/Append/Lcr  oli/f  )ot/Fdit/L.istvN»w  fO»^/(lu\t;  % 


'  i.!  “ri  l  no'j  t  /  U»  i »  r.  t  f  H,*lMM''iMnNrU  h'ir^rJMMrihN‘'ii  V*tMMI'^i'ir,HMr^nrif^: 

F'iJe  '.C:2i;-'  t-lu-i*’  »«■•'*»•*:  * 

S  Cominents  ^  j 

;  1  ONE  STRIP  CONFF-;'.-'  .-  - 

:  2  S:^ALL  APERTURL  .-  ■  '•  ■  .  - 

■  ~  BROf- E  BY  THE  rL-,Ni 
;  A  (AT  TNE  MOVINC5  S  l  A' i|-  ; 


[  U  V^^ricTble  (  R  '  '/.f  '  f  n,. 

L'Ubfilc?:  •••;•••.  l  •  «»  itsi:  t  •  -i*  • 

Rcw  (O-all);  *> 

Etcrt  Column:  1 

of  Columns;  2^6 

K^ad/Write/Appond/yrrcjil/T- l':.»t/6cU^-'Lisi 1 t 


f^ile  Nc‘me:  .M'."  i^uit-.  LnuM-u-f:  * 

:  8  Comments  Suf t ili.-'-s  h;  ;  \ 

r  u  if/rfrtrnrir,^  nMnnNrirr'r^^'tmMrniririi'iiiHnn-ii  >'  r  '-r-rn’iNn 
:'l  TWO  STRIP'  CONIROI.  'J’-.ll,'''*  :  Fr.-^rVii  yr---'*:s  : 


t/'i  Vr'?ri.i»blc  (  R  /  t.  •-  ..;i 

;  Subfile:  t  2^3  bi;. 

:  Row  ''  0 

:  St^rt  Columns  1 

;  !v  rf  Columns:  ' 

F''f^c»d/Write/ttDoend/C'' »  "1 1 '  .  U  +  .  Tdit  ••‘t.ist  ■  Tvle/t)u?l;  * 


lie  Name:  . Jzt'F r  1*! 


8  Comments  r-n  j.u.  u.  I'D^r  i  r:  i  f 

1  TMO  strip  iNU'-^  ^  ''Nl.i  ■  ?.M'  «  .•  '  '  .-.•Tn  -.n.;^'  *tRvv  - 


I/O  Variable  (  R  -  r  );  ♦  hm 


Subfile:  u  J  1‘  •  .'■  •  •  ■_*  noTlt: 

F'OiJ  (V=all):  '  (-> 

St&f^t  Column:  1 

*f  of  Columns:  ‘ 

Rer  cf/ Write/ Append  /  Sc  r  nli/  F‘  i.jt  ■  *-.  ..| » t  t  ■  m,  .  t:  * 


r-C'c  .r  i  ■:  !  i'-..  in  -  *  . 

^  ile  Npf^c:  't  F  j  i  Ouir  /  F  •  '  ' 

B  Comments  «:  ..  ) 

r  INDIft  IHK  CONTr.T>!.Kr  '>  Si.  M.-m.' 

r  SMALL  AF-'FRriJ':r  .-  ■  r 

T  MO  visual  CH.aMU'''  r 

4 

^  NO  OELD  SHHN 


:  B 

I'O  Varicible  (  ^  'i  l'*'"  i  '  ■ 

Subfile:  ''  1  :  L  :*  n*la:  I  eintF^i:  'J . 

Row  (0=aU):  0 

Start  Column:  I  ' 

M  of  Columns:  '  7. '  S 

?■  «?d/WritP/F»Op':nr}.  L.^r  r  U  ...*  {  ..  ir/Lj*-  t  .  ij.  -v-  •  i--  « 


IMNMtVi'mMMMMMNMMnMMMMi'l-ir.i  ^  ilir  Irmn  1.  M.n  . '  . 


:  File  Name:  '.C:SKf  JJ  fJ'.ixt /''i'  .;  :  j 

;  0  Comments  •  CuL.f i;;  i 

;  V  INDIA  INK  CONTn-nU  FD  mI  r  ^Jlar*ti  -'i.r-.f.  : 

;  C  CLIGHT  SMOKllJrj  .*  i  '• 

:  7  SLIGHT  E<L  ANCMIi-IL 
;  4  NO  OESSICATinii 

.*  ? 

.-  WEAK  WELD 
;  "  TORE  AT  SERDGA 
8 

.*  I-O  Variable  (  F  -  r  ):  rr.Ai 


;  Subfile;  1  7  r  ‘  i'. 

Row  (0=aU):  '  a 

:  Start  Column:  ,  ] 

:  #  of  Columns:  ^ 

.*  Rs  ad^Wr  ite/ApDui  I'J/ ^ 'Cr  •  I  ■  uL.f  t  !~I  -N  ••  ■  it'-Pu-L*  •; 


jriNrini'irwu‘innMMMn''!ri\r  r'.:  .•;.  • 

•.■*.  1  J  !  r-  irii  iij  t  .  1  t:  * 

r'.j»  f’f-'ft'irrrirfi 

rile  Name:  i ‘J  * .  -‘  l- 

Ni-.(  ■' 

;  Comment i 

'iMr'MMMNI'ff'h'lr. ■<■!,  !.  :  '  •.  ■  • 

:  1  Tr^I'lA  /rr  cni-J-!  t.i  ■  ■  ■  ■ 

;  Af-'ERTi.i-  ' 

;  ■  ^.  uMCi  ff.  J'  ■  ,!  ' 

-O'  i 

/,  /•■  .V.V  .*.  a  t- ■  i  '1 

'.  ..• ./-;/  , .. 

;  •-  i-If.I'IU'-;  NLL‘1  ‘  '  !■  ■"*'  . 

>j'';'if^:.'h^1MNrV'}NMr1NNNMMril'V-h''n'^Nnr 

:  J'O  Varaablo  (  Tx  '  i; 

>  ;r. '  !■  i.vn^U-f'Vi'TV'Urt  l. 

'  Vru  r:.  •f-r\  ‘r.'-v 

;  Subfile:  \ 

:  ^'ow  '0=all):  n 

.*  Stc?rt  Colunin:  1 

#  of  ColumDs: 

r'-* 

‘  Of 

:  Write/Aononn  '  .••  •.  ? 

•  •  if 

rj£»inc:  L:l.{ 

8  Comments 

r.-.'-  /  T/* 

1  irJDlA  in'-  r  f>r,  ,x'  >i  (  ♦ 
C  C'MmLI.  nf  En  1 f 
LLA.'L'nrN'’ 

•  •-  •* 


!  • : ?  (  I 

L  -'Of  lie:  I 

■  ■  = 

1  *  i? I ■  t  Lolnmn:  ) 

of  CoKinm-s:  ' 

F^’o^d/Wr  ite/  Aupon  1  • ' 


;  ;NNNnMMririri. 

;  r  il*  ■  Nc'inf’:  ‘ ':  * 

LUn,-:.  fr-.  ■ 

;  1  it  t  fv}'  r'f  i  i 


.*  8 

:  1.  'J  V£\t  L-i^ble  <  r 

S'jbfilc: 

rw  M).- ^M):  I' 

;  bls'i't  Co'‘.'«ui: 

;  «  of  Columns; 

-  rj  /  I'J r*  1 1  e  C r:  »■*  I  ’ '  1 


:  ^3'*^  '.'rF'r!-' 

:  C'JrnmtpnlTa 

:  1  ST  S' IP  ' 


i/'J  'vOrjrlt’j:-  '  ( 

3u‘3filt?:  } 

Poi-J  vO=Alll;  (' 

CoJumn:  .  i 
**  of  CoJunm^: 

Lji  •  2  !'_c? ui  .  [ 

t-i.  'll'/-  fr>.  •iMMMMMMNNMi'/i  /i'/r*-'h 


i.1  n  r.lame:  f  'r‘  r  '  I  '  r  .'  ,' 

:  *  i  UTi  ".  ’  Tt-  '.  i  ■  ■  ■'  :  '  I  -I 


“l'':Mi'}r!l'li  U'1M!-ini'iMI'l''ll-!i'1f'i.  fi' .  U  !/'> 

I  .'PI  i>H]«  {  F  r  I- 

ColvMt'nt  1 
nf  ColMiTin^: 

f;  f' it3/Anpc-»r)'I/*-'»'  • 


rA/7':7';'7/7/7/‘/mfV.V/V/VW/<‘,7‘'- '/  >■'!>  trr 


9  COMXTlfynt;; 

rrr'trtMt'INMMI'fMMnNril'ini'Uir.i'lf'h  ,■  , 

1  I’  -'  irn  CON i I  fji  t  ' ' 

Nf.t  fH'MlJr-  • 

":0 


b-jL'iiie:  1 

l'■ow  (0=dlU: 

St=<rt  Column:  1 

#  ol  Columnr.: 


F.'?^d/Writ€?/Anr?f=‘nii-  '  -  r  t  .  i  m  •.  t  v--  .• « 


■  }\r-  •■uu  •  ..  i 

:  (MAe  Namo;  C.  f  '  'v 

.*  ?  Ccmment«? 

.LrJrfrnMMf^rfMnnmnM/'frfr’/';  -}:  .-  in  i  :ru‘  r^r 

:  1  FERROrJYL  +  BLUliL'  C'! ’14  >  KL'l.'-  ^  h  fM 

:  r  I'UNIMAL  HI' ^  -.‘J'  (  m-;  -:-!. 

.*  '  lU?  Sf-IOl’ b‘ 

.•  '.'r.SS  r>ii  .'rir-r  I'  ^■l  ■•  ;  ■:  *■: 

6  I'.'ELrFIA,  BUI  I  ■!.■ 

;  ■  uriu  V  5^::r’D\.,  ■  ■  ■  •  - 

■rf.  ..•••.•/.  ‘.-.V  ■'  ;..•/•./•./ 

;  !  C  -■  r  ' 

’6lv..:  :  Ug:  i  ••.•.••.  .  ■  iri  \ 

:  F>c?u  i;0  =  all): 

Start  Column:  \ 

:  #  of  Columns: 

.*  Read/ Write/^^Dpori' 1/ 1:;-::*  iii‘  Wji  /  F  d  r  ^  t /n?  t 


< 


< 


4J 


« 


I 

r 

i 

r 

i 


I 


I 


{ 


27  . 


r  :l£?  fMc<*nr:  C:iz:  i  •  ■■  .  .••• 

'f  Cc'-un'if?* i  ’ 

If,- \  /  .  »r.  :/-7. 

:  t-I.MOL  Mi.OI'jr  L  :  • 

1'  ijn  ViSSlE  :J:  r.'il-V.':  , 

^  MO  SHOI  ^ 


:  f  •  C.:-r  .  'I. 

E'ow 

^Trrt  CoI'm.m:  : 

tt  cf  Molumrrv:  I"'. 


F' »f*d/ Wf'ito/Arp' 0 'f  f  !q:  Ij»  ’ 


r  '  Q.fimun ••  z 

'  tl'U  i‘'1r'- 

^'LuoD 

::  fEKCffM 

7  NfJ  '  '-u.if  f 
■:  Jf’i, 

.-J-.LU 

M_t,-  •  •  !  I|,  )  '_!  ■ 


!>ow  » 

E*. '-.rt  Column;  1 

Coli.imn*;;  ■7'‘ 

‘  c-=>d/ Wr  ite'  Anp'i'f'M  ' 


rUe  InpLit/Output  nMMMMmMMnMrmMMMrlMMMMtmNMMnMtiMMM! 


t 

t  Fil»  Hmmmi  <CtSEPlBAE.USR> 


e  Cominentm 


Quit/Continue:  » 

Subfiles  (Total  #:  3  ) 


t  1>  BLOOD  8ET-80  TC  ri0)(=40  start#  Shape  #hepts  ; 

t  2>  TOTAL  EXPOSURE  *=30  S  .-12;:  256 

/  3>  Mtf^/lSlBLE  CHANGES 
t  4>  NO  SMOKE  • 

!  5>  * 

I  b>  NO  WELD 
f  7> 

i  e> 

:  I/O  Variable  (  R  -  Z  ):  1024  REAL 


SubtllBi  <  1  >  2  X  256  (Ma::  Length:  768  ) 

Row  <  -O  > 

Start  Column:  <  1  > 

#  of  Columnai  <  256  > 


Read/Wrlte/Append/Scroll/Plot/Edit/List/New  file/Ouiti  t 


•'  '  r' 

irh'';Mn>inf':Nnr':rPh  .••/-  •-•••  i-r-rm 
■  :  ! 'f-JE'  ETRIf  ■  Ui'-VJ'  I'  '  .  •  ■  ■■ 

♦  E’ROf  E  AT  -I  Hr  '  m:  •  •.•  • 


‘  e»r  3  ^  '  I-  •  ,  ‘  .  t  • 

.  fr.-r^lp  1. 

:  Htjrt  Columr.:  J 

;  *♦  of  Col-imns: 

•  r- .*? -4 d ^tf^/ Af'P' >r .•■'■;  --cii  :  f- 

-  ri!  .  .  •»/••-  ••  •• 


^  lie  r:ZK  1  t  ■  • 

•  .i  .iiei .  ‘ 

V  ,V7/  / 

’■WO  '£  ■ 


I 


\ 


I 


f 


1  'D  '-'er  iv  hi -•»  (  ••  /  * 

S'-itr-t  jd-p;  1  . 

;  ■  .11): 

1  “  i  »■  t  Co  ’.umi  .1  1 

H  e*  1  ^oi’j.tv.nr :  r,’'--' 

'.ir  ito^Arpc-jir  ■■  o.  .  ‘  *•: 


8  L' .■*  pj'’ ent'- 

•  ’  ICJ  L'DN  ;  f  f  i 

-  .  ■  ■  ‘  'vT-JTPLfi  ■'  ’ 

i;  ^>'-11.;,-  E 

;  r.  :  LJr.LI.' 


•V,"  h''!r'U''1i'lNNMNMm  •  ,V- 
1/Q  Varicibl“  (  f, 

-  jL  file?:  : 

‘  r  ■  ,  L'*- • '  ■  HT.  r 


!•'*  i-'i-  W:  -■  *  • 


I 


.50  -.500  .500  1.50  2.50 


;  F  il  c?  m  -r :  :  '  ?  F  • 

/  ■.  •,  •  .••7, •  • 

•  :  I'  •'  • 

■  :  ':l'  Vi-:.!!...;: 

;  nn  7 


'  r,'.  ;  \'i 

-..ft 


-.t  :  r  ♦  j 'jfi.rir 

{.' (  Column:?:  J.'  -* 

•M.'^sr)/Writ€:/f-^pr'?f '.ri  ^ 


■  'I*.-  N-'ii,'-:  I  ':L‘p  '  ’ 

TCG  Z'f  GEr^ii;!  '  ’ 

'^'j  ‘-IMr! 

'  -V'-h 


...  'MU.  Ill- 

•  ;■  ■  rol'-.'ir.: 

rit  Cn'’ uinnej; 

j t ' 'pr-nfi . 


•M  r 


ji  r 


r*  -m;.  : 


■■1  .  '>'friNrfMMf'V'!^jr'y- 
■■'L'l-i  IIJ*-  Cl-:: 

L  .  r»rJC' '  .i. '■ 
rr  ’  ?f-i  '  f 

-  .r  TO  l-tMir-  ; 
1  '’irv-P  (\\ 


>•■'  •  J-It  r  .'Op- 


p  lie  Nam*?:  ' :  ‘  •  i  ■ 

L  Comme?T  t  =  '  ‘ ' 

1  ONt  STMT-  r-ni..  ■  (  ,  ,  -  i  -  ■  •  '.v.---'  •  ;■ 

2  I'f  -riW  (T  ^v-j  fjflv 


;  rVow  (0=alU:  ’ 

ftor't  C?l'jn'!: 

;  cf  Column^: 

;  r^ad.  Wr  "J'‘  •' * 


I 


j 


iri.  ■  r.,-  •  .-'•f; 

Piie  Namr:  L:!'!.  .  ...  : 

3  Cf';rt>mcn‘i  1= 

•V/V .  ■ 

'WL'  rvrn'  '  •  ■  • 


]''0  Vari^ible  (  '  ■  .  :  i 

;  S'-'b'filGs  ' 

r'cjvj  (0=^11): 

S^jtrt  CclLif^n:  ' 

tt  of  Colunn^: 

;  R’  .<d/Write/<^'jD *’r •'~i  r  ■ ‘-.i  ■  ^  • 


:  3  Commtpnts 

:  1  UK'WELDtn 


T  '.J  'v' .?  r  j  -“I  t*  ’  rs  ■ 

:  S-h'ilr:  ..it!.- 

Stcrt  Colu.fnr)“ 

/  of  Colunir»^? 

.*  Peeid/Writp-'T^nr  ’* ■  •'  '  !:*'■;  i.  -  i 

fMMMMMMMMMMMMMt-l'l'.'  •  r..  t r  .  .  .  ,  :rU'.l'h  ■  .  v  /.N-v.-/-/- . 


iMMMMMMMMMMMMNMNNMt . 


:  File  Name:  'X;''F  ^  l.'U 

:  8  Comments 

:  BLOOD  CONfRClL  ,  -  L'  > 

;  Z"  MO  VISIBLE  CL  'M'  :!  ' 

0  rJO  SfiO^  E 

.•  -  l  iO  WELD 


U'fMhrU'irJNMMNMNNMrlr^r^  'U • 
I/O  Variable  (  i' 


Subfile: 


Row  (0=all):  «' 

t  Col'-TiM  r 
cf  Columns: 

Re-id/Wf" ite/ Ac’O'’  '  u 


:  File 

.*  8  Comments 

;>'r. 

1  ULOOD  CONIr'' 
?  EtLANCmi^G 
'  NO  Slini-  ^ 

J  LOO^  H  L-li'  i  •' 

1  NODERmC  U' 

'  tore  at  ' 

E 

I/O  Variable  (  ^ 

Subfile: 

Row  (0=all): 
Start  Column: 

#  of  Columns: 

F  e  a  'J  /  W  r  i  1 •'  A  r ; 


.4ame:  C: 

E?  Commen*:*: 

1  ILCOV  '.  (  UJ"*  :  . 

^LA^JC♦■^INC  (»'■- 
'  ^iriPERATF 

•  r  ►  ‘  ^  •  •■  ■ ;  ’ ' 


^,-r  “ '  ; 

I 'C  V«ri^>DiP  \  ■ 

Subfile: 

Row  (0=ain: 
Start  Colufnn: 

«  of  Columns: 

F  n  d  /  Wr  1 1  e '' A  u  p  . 


71 


>• 

to 

u 

Ul 

< 

u 

_ 

J _ I  _L 

u 

t.' 

M 

9 


I  Mi'U'INi'inflMMMMMMrli' 


:  ^ile  Namp:  ' 

•  Canments 

:  ■  '"LOOP  rorJIF’C 

-■  -  ^rr'E:,:vT 

F- 1  /jrjCMir^'- 
■  ^  l.rJHT  C1W':iFVR: 

'-■R  S'F’<>R  1  Eir 


:  0  Vc»rirvbl'‘  ' 

^ile: 

(0=^11): 

Colui'r^n: 

u  Columri!:-: 

f  p^'d/Wr ito' A;3f  V 


JNN  U'rMMMNMMMMMrjrh 

:  Nafnp:  >  • 

.*  Cofi'mcntc 

:  :  PLOOD  COUTK-';  ■  ■ 
:  2  E'LANCHING  mT  ''  ’ 
;  7  no  CHARriNG 
'I  NO  SMOKE 
;  ?  LOOKS  WELDE!' 

:  6  f.fLOTTED  EEfV-! 

;  '  PLOOn  ‘ 

:  L’  t^ROt'E  <A1  LL 
ij'ru'fn  '■iMNMMf'tn.  'Innm  -  •  • 
I-  0  Var'ic<hlp  (  I 

S'.'bf  He 

:  ow  (0=c»n>:  ^ 

Ltrtrt  Column:  i 

U  cjf  Columf»s: 


•'■?£»  d/ Write/ 


(i  i  tt 


:  riln  fsl.- mf>:  ■  • 

;  '3  ComiiiL-iit- 

L-'i‘ /  . ■■ 

:  I  our  STWU  •  ••  -  ■  ^  • 


.*  4 

;  ? 

:  6 

•  P 

I'Q  Variable  f  h 

:  HiltifDp:  ! 

:  fVuw 

tart  Column: 
of  Columns:  /  .  v 

;  'Write/Hr':  nn 


I'J  Variable  •  ' 

S'-.bfUe: 
r>c?tJ  (0=all): 

Start  Column: 

#  of  Columns:  ?* 

Read 'Write/ Aoprn' '. 


:  Pile  Name:  C 

:  '3  ComncntF 

:  1'  U^4WEL^'^.f> 


;  S 

I/n  Vrar-iabl"  f 

S’.ibf  lie: 

Row  (0*all):  < 

St:*-"'t  Coluti.’i: 

^  of  ColuTi:;'-: 


e/  ‘Apn.i-1 


IMMMMMMtiMMMMfiMNMMNMnNr  ■.’'‘nrv'tfh  t  ;  .  j  r.  li  u*. .  ,  n,  =  l  i  i  • 


l-irH  it .  ..  ’  iNrfrf'U'V 

FUe  Name:  f  I  .  ' 

8  Comment®^ 

■ir.rftrriMnMNnMnrn'’  .  ^ 

:  ::f’  cdntf^jl 

:  io  visn^LE  ■ 

fJQ  SNC-nE 

UEUD 


.*  B 

LMnNrlMMnMMMMNtlMrUlri.  r  !.  .  t  .  ■  -■ .  ■■■;./ 

.*  I/Li  Variable  (  i 


Subfile: 

E  '  ■  C.'r  i: 
^  r*  L'oi'.'tnn-’ 


.*  \  ,-'~r  /'Write/  nr  ;  >• 


IMMnMMnMMHflMMriMMnfmrt.  /■ 

* 

:  File  Name:  T?^'"  '  • 

:  8* Comments 

UimrtMMfirirtnmMMr'  '  ■  -  ,  ,  , 

:  i:-  ICC  COMTROJ  :  ■ 

:  C  NO  VlSiritr  ri 

:  C  NO  SMfJM-- 

;  n 

.■  ^  MO  WF’LI' 

;  6 
:  7 
8' 

:  I/D  Variable  (  >: 

Subfile: 

Row  (0=all):  " 

:  Start  Column:  1 

;  nf  Columns? 


f  O./ 


;  Read/Write'Arp?  '• 

HMMMMMMMMMNMMMN.  'i! .. 


17  . 


INMrf!'.  '7A,V  W/ArAv';,' . 


.*  F  Lie  Narnr-:  '  ; 

:  B  Comment:. 

.*  1  ICG  CONTROl.Lr 
.•  r  E:LANCHII4C-i  AU 
;  ■  NO  CHAFFIN  ; 

:  4  NO  SMDt  F 

;  WL'.i: 


1  •'  V'?r.  ‘ 

BubfUe: 

Row  (0=all); 

Stert  ro)‘.»mn:  ^ 

^  of  Columns: 

Read/Write/Appencl.  F-r  r  ^ O  L  f  ir  t './l 


:  File  f-Jamc’: 

:  Cf  Coniments 

iJ^IMMMriMNMNnnnMMf'l''U  '  '  ’  '■,•■•  . . .  ■  r  -  --  rjr 

;  :  [rjl;in  T;J^  ?' '  '  ■  ' 

:  -  ■  SLIGHI  HLANG:  ■  ,  '  " 

.■  3  r.;o  SMUi' t 

;  4  ro'.’  CHAf:  ^-ING 

;  6  f^'G  WELD 

'  ^ 

I/O  Vcif^i^ble  (  f'  -  '  ■ 

Subfile:  '  '  ‘  ‘  ’* 

:  Row  (0=all):  *’ 

:  Stc^'^t  Column;  1 

.•  «  of  Columns; 

,*  Ra?d/Write’ ADr*" 


\ 

S  I 


Tile  r4a''Ti‘-': 

t 

'  ']  Comninn',  s 

Lnni'U'tMrUinnm^iMNMii-ji 
:  1'  INDIA  iNh  con:. 

:  r  NO  VISIE^LO  H- 

;  7  rJO 

;  hJ(J  tjri  p 


;  I/n  Va-lciblEr  (  '  ' 

.*  OnD'filE?:  '  ■  • 

K'ow  (0=all):  '' 

Start  Col'.imn:  ! 

•*  #  of  Columns:  ■  r*^- 

:  rvoad/Write/Ann*?^'^'  ’  "  '  •  •  : 

•;  ’  .  ■  •  ■  ,  ■  •  '-r'  u-;  •  ; 


'•■  '  nii.mr-nt  ■ 

:  rrj;  cn.. 

-  ';^ir  pc—'—' 

;  ■  :. i  ;■ 

':n  r 

6  NH  wf:ld 

q 

N!\  r 

I/H  <  i 

Subfile: 

r  ok’j  ('  *  =  all ): 

Col'jinn: 

«  Colu'T'n^': 

r-  lE  e'  d/'Wr  ite/MU';  •» 


File  Names  '  : 

:  &  Commentr- 

LrMMMMMMMMMMMt-UVNr'iri.;  :,-  ■  u  r  -''!r-'}!';ry  !  '-  ''.r  ;  ro-  nr;-::  ■  • 

1  INDIA  INF  C;Oi  !  '  '  ‘  ^  . 

;  'j  *::LiGHr  de^t;'-  ■ 

;  :  N'l  t 

:  ^  rn,- 


:  G 

Lrfrrr^nnnni  hvnrinn:  ■  '.-7 
:  I/O  >  : 

-■  Subfile:  1 
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Appendix  C-  Supplemental  Figures  and  Illustrations 


Figure  2-  Experimental  Protocols 


LASER  TISSUE  WELDING  OPTIMIZATION  PROTOCOL 
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Rabbit  Animal  Prep  Protocol 


Supplies  Needed: 

Alcohol  Preps 
1  ml  Tuberculin  Syringe 
3  ml  Syringe 
#18  Needle 
#22  Needle 

Gemini  Xylazine  (Rompun) 

Ketaset  (Ketamine) 

100  ml.  bag  of  0.9%  NaCl  or  5%  Dextrose  in  Water  for  intravenous  use 

Microdrip  (60  drops  per  ml)  dispenser  and  tubing 

Animal  Clippers 

Manual  (non-electric)  Razor 

Artificial  Tears  Ointment 

#22  JELCO  IV  Catheter  Placement  Unit 

Paper  Tape 

Beuthanasia  (sodium  pentobarbital  or  formerly  known  as  Sleepaway) 


Procedure: 

1.  One  day  prior  to  desired  surgery,  remove  food  container  from  rabbit’s  cage. 

Leave  water  bottle. 

2.  Prepare  tray  of  surgical  instruments  for  autoclaving.  Place  blue  cloth  drape 
under  and  over  instruments.  Add  hemoclips,  needle  holders,  atraumatic  clamps, 
and  other  specialized  instruments  as  needed.  Autocjave  instrumoits. 

3.  Collect  all  supplies  listed  above.  Place  in  rabbit  room. 

4.  Close  door  to  rabbit  room. 

5.  Determine  amount  of  Ron^jun  injection.  A  chart  wfrich  indicates  the 
appropriate  amount  to  inject  is  appended  to  this  document. 

6.  Prepare  Rompun  injection.  Wipe  the  septum  of  the  Rompun  bottle  with  an 
alcohol  prep.  Remove  tuberculin  syringe  from  packaging.  Insert  syringe  into 
bottle  and  carefully  dispense  correct  amount. 

7.  With  syringe  in  hand,  gently  and  quietly  open  door  to  selected  rabbit’s  cage.  Pet 
rabbit  gently  to  reassure.  After  calming  rabbit,  obtain  control  over  the  animal  by 
grasping  firmly  at  the  neck.  Hold  down  rabbit  and  inject  Ronq>un  into  the  muscle 
in  the  hind  quarter. 

8.  Close  rabbit  cage.  Wait  approximately  10  minutes  for  rabbit  to  become  sedated. 
Rabbit  may  slouch  or  turn  head  to  side. 

9.  Remove  rabbit  from  cage,  supporting  head  and  neck  carefully. 

10.  Transfer  rabbit  to  sink. 

11.  Using  chart  in  appended  to  this  document  and  the  actual  weight  of  the  rabbit, 
determine  the  appropriate  amount  of  Ketaset  to  inject. 

12.  Prepare  injection  of  Ketaset.  Remove  the  3  ml.  syringe  from  its  packaging  and 
place  the  /^18  needle  on  the  end  of  the  syringe.  Wipe  the  septum  of  the  Ketaset 
bottle  with  an  alcohol  prep,  and  insert  syringe.  Remove  desired  amount  of  Ketaset 
and  then  carefully  change  needles  from  the  #18  to  the  #22.  Grasp  the  rabbit 
firmly  and  inject  Ketaset,  using  the  #22  needle,  into  the  hind  quarter. 

13.  Wait  approximately  10  minutes  for  the  rabbit  to  become  completely 
anesthetized.  The  rabbit  is  completely  anesthetized  when  it  can  be  picked  up  and 
placed  on  its  back  and  does  not  attempt  to  turn  itself  over. 

14.  While  waiting,  prepare  intravraous  anesthetic  cocktail.  To  the  100  ml.  0.9% 
NaCl  bag  add  4.0  ml.  Ronq>im  and  8.0  ml.  Ketaset.  Invert  bag  to  mix.  Hang  bag  on 
IV  pole.  Insert  microdrip  and  tubing  into  bag  and  then  remove  plastic  cover  from 
distal  end  of  tubing.  Place  three  or  four  strips  of  paper  tape  on  the  IV  pole  for 
later  use. 

15.  Place  three  or  four  paper  towels  on  the  countertop  next  to  the  sink  and  two 
paper  towels  inside  the  sink.  Place  rabbit,  belly  up,  on  the  countertop. 


16.  Apply  Artificial  Tears  to  the  rabbit’s  eyes  to  prevent  painful  drying. 

17.  Using  a  marker,  number  the  rabbit  by  writing  its  identification  number  from 
the  experimental  protocol  inside  its  ear 

18.  Use  electric  clippers  to  shave  appropriate  area  of  rabbit,  usually  abdomen  and 
groin.  Push  excess  fiir  onto  the  naper  towels.  Quickly  remove  paper  towels  and 
fiir  as  soon  as  clipping  is  con^leted. 

19.  With  non-electric  razor,  g^tly  remove  hair  from  the  ears,  particularly  along  the 
external  vein.  This  vein  will  be  used  for  the  intravenous  anesthetic. 

20.  Transfer  the  rabbit  to  the  surgical  site. 

21.  Wipe  the  external  ear  vein  region  with  an  alcohol  prep.  This  should  improve 
visualization  of  the  vein. 

22.  Remove  JELCO  catheter  from  its  packaging.  Insert  catheter  into  the  external 
vein.  Use  needle  to  enter  vein  and  then  pull  back  on  the  needle  so  that  the 
catheter  slides  along  the  inside  of  the  vein.  Watch  catheter  slide  inside  the  vein. 
Look  for  a  backflow  of  blood  into  the  top  part  of  the  catheter  placem^t  unit. 
Remove  the  needle  completely  when  the  catheter  has  been  correctly  positioned. 

23.  Attach  the  tubing  from  the  IV  bag  to  the  top  part  of  the  catheter  placement 
unit,  l  est  catheter  placement  by  slowly  opening  the  anesthetic  flow  regulator  and 
watching  for  anesthesia  flow.  Alternatively,  open  the  saline  regulator  if  one  has 
been  piggy-backed,  and  watch  its  flow.  When  adequate  placement  is  verified, 
carefully  tape  the  tubing  and  the  catheter  placement  unit  to  the  rabbit’s  ear.  Tape 
excess  tubing  to  the  table. 

24.  Adjust  the  anesthetic  flow  rate  to  1  drop  every  4  seconds.  Watch  the  rabbit’s 
chest  rise  and  pupil  size  to  monitor  anesthesia.  If  rabbit  begins  to  come  out  of  the 
anesthesia,  increase  rate  to  1  drop  every  2  seconds  for  about  1  minute.  Return  to  1 
drop  every  4  seconds,  and  wait  until  rabbit  is  sedated  (1-2  minutes). 

25.  If  rabbit  is  to  be  euthanized,  inject  4.0  ml.  of  I:t  diluted  Beuthanasia  into  the 
septum  of  the  IV  line.  The  bottle  will  indicate  if  it  has  already  been  diluted.  If  it 
has  not  been  diluted,  mix  equal  parts  of  concentrated  Beuthanasia  and  0.9%  NaCl, 
and  inject  this  solution  into  the  IV  line.  Do  not  inject  concCTtrated  Beuthanasia 
into  the  IV  line  because  it  is  very  viscous,  and  therefore,  it  is  difficult  to  force  it 
out  of  the  tubing  and  into  the  rabbit. 

26.  After  rabbit  has  died,  remove  IV  line  and  place  rabbit  remains  into  a  large 
brown  plastic  bag. 

27.  C*  efully  wash  instrumrats.  Alconox  or  similar  detergent  should  be  used. 

Never  leave  instruments  soaking  in  water.  Rinse  instrummts  and  place  them  on  a 
towel  to  diy. 


RABBIT  ANESTHESIA 


INITIAL  INTRAMUSCULAR  DOSE  OF  XYLAZINE  GIVEN,  FOLLOWED 
10  MINUTES  LATER  BY  AN  INTRAMUSCULAR  DOSE  OF  KETAMINE. 
DOSAGE  BASED  ON  WEIGHT  OF  RABBIT. 
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Tissue  Preparation  for  Weld  Strength  Optimization  Study 

1.  Make  a  midline  incision  with  a  U\5  scalpel. 

2.  Identify  and  isolate  the  small  bowel. 

3.  Place  an  atraumatic  clamp  across  the  mesentery  at  the  section  to  be  resected. 

4.  Place  a  hemoclip  at  the  site  of  the  nearest  vessles  to  occlude  blood  flow. 

5.  Resect  a  small  segment  of  bowel  measuring  approximately  S  cm. 

6.  Return  the  remaining  in  situ  bowel  to  the  abdom^. 

7.  Make  a  longitudinal  cut  in  the  bowel  segment,  and  open  it  up.  Carefully  rinse 
the  bowel  segment  in  physiological  saline  to  remove  succus  entericus. 

8.  Using  the  specialized  cutters,  cut  two  strips  measuring  4.0  x  20.0  mm.  Place  the 
two  strips  into  the  claix^s,  making  sure  that  the  strips  are  aligned  relative  to  the 
marks  on  the  clamps. 

9.  Apply  a  barely  visible  amount  of  chromophore  with  a  cotton-tipped  applicator. 
The  chromophore  should  be  applied  to  both  tissue  strips. 

10.  Position  the  thermocouple  between  the  two  tissue  strips. 

11.  Slowly  bring  the  two  tissue  strips  into  apposition  using  the  computer-controlled 
piezoelectric  motor. 

12.  Verify  appropriate  thermocouple  placem^t  (1  mm  below  surface  of  weld). 

13.  Set  laser  welding  parameters  in  laser  welding  control  program.  Weld  tissue. 

14.  Switch  to  the  tensiometry  data  acquisition  program.  Pull  tissue  apart  and 
measure  the  load  required  to  rupture  the  weld. 

15.  Repeat  steps  5-14  to  prepare  additional  tissue  strips. 

16.  Import  data  into  Lotus  or  Symphony  to  generate  load  versus  distance  plots. 


